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Preface 


N THE compilation of this book, the authors have endeavored 
| to systematize and present a large amount of original in- 
formation and data, in such a way as to make it of the greatest 
value to teachers, students, plant operators, chemists and dairy 
control agencies. Some of the material has already appeared in 
addresses, and technical papers, but the larger part has not hereto- 
fore appeared in print. The diagrams and standardizing tables 
shown in Chapters X to XIV inclusive, have been developed in 
connection with and used for some time, with Mojonnier stand- 
ardizing equipment, and in instruction work. They are incorporated 
in this book with the hope that a larger number may profit by 
their proven merit and utility. Drawings and tables largely based 
upon original data are used frequently to make more clear the 
operation and application of several new methods and appliances 
for testing and controlling dairy products. The numerous graphs 
shown have been drawn from tabulated results of carefully planned 
and executed experiments, some of which have covered a period 
of several years. 

It is realized that there are many milk plant practices upon 
which opinions differ, but the aim in this book is to present facts 
and methods that have proven in actual practice to possess the 
greatest merit. Constructive criticisms or suggestions that readers 
may be prompted to make will be greatly appreciated. 

Acknowledgment of other sources of information as far as 
possible is made in the text. Special credit is due to Mr. J. A. Cross 
for conspicuous services as mentioned in several places in the text; 
to Mr. W. O. Frohring for valuable suggestions in connection with 
Chapter XVI, as well as for arranging for the loan of numerous 
valuable graphs and photomicrographs from the Telling-Belle- 
Vernon Co.; to Mr. O. W. Mojonnier for valuable suggestions in 
connection with Chapter XIX; to Mr. Roscoe Moon for help and 
co-operation in the preparation of illustrations and in proof reading ; 
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to the Fred Klein Co., Chicago, IIL, for excellent co-operation in 
all matters pertaining to the printing of the book, and to Mr. H. J. 
Liedel for careful aid in many ways. Credit is further due to 
Mr. J. J. Mojonnier, Miss Lucy Klein, Mr. E. C. Jensen, Mr. Len 
Fortney, Mr. H. O. Buhrman, and others connected with Mojonnier 
Bros. Co. Acknowledgment is also made of courtesies extended 
by Mr. Mark Shanks of the Standard Ice Cream Co., Chicago, and 
Mr. Mark Goodman, of the Goodman-American Ice Cream Co., 
Chicago. THe AUTHORS. 


PREFACE TO SECOND EDITION 


In this revised edition of the Technical Control of Dairy 
Products, the general plan of the book has remained unchanged. 
Methods and tables have been carefully reviewed and such 
changes and additions made as are considered necessary to keep 
up with the most recent practice and advanced knowledge on 
the subjects treated, and to render the greatest service to the 
science, to the student and to the industry. 

The authors express their thanks to all who have contributed 
suggestions or criticisms that have helped to irtcrease the use- 
fulness of this work. The favorable reception accorded to the 
first edition justifies the publication of this new edition. 
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CHAPTER I 


THE DAIRY PLANT LABORATORY 


The testing laboratory in a dairy plant does not generally 
receive the consideration that its importance warrants. This is 
so because it is of recent development, and the proprietors of 
many dairy plants do not yet fully realize the economical value 
of the work. As they become more conscious of the fact that the 
composition of a marketable dairy product has a large influence 
on fixing its value and that the composition cannot be accurately 
determined without suitable accommodations and equipment, the 
laboratory and its work will receive as much consideration as 
other important operations in the manufacture of milk products. 
The loose methods in operation during the development of the 
industry will not prove successful under the present system of 
keen competition, and just as no business can hope to operate 
successfully for any length of time without an efficient system of 
accounting so a dairy manufacturing plant cannot hope to operate 
successfully without accurately determining the composition of 
each product received and distributed. The possibility of pre- 
venting loss through thorough control methods is of such im- 
portance that no reasonable detail should be overlooked in 
equipping the laboratory. 

Location. The laboratory should be a separate room located 
near the office and where practical, should have direct communi- 
eation with the manufacturing rooms. It should be used solely 
for analytical work and the chemist should not be annoyed or 
distracted by persons passing through it, nor by the conversation 
of others present. Where these precautions are observed valuable 
time may be saved, the work will proceed more rapidly, and the 
liability for mistakes to occur and consequent losses will be re- 
duced to a minimum. The air in most dairy manufacturing 
plants as a rule is exceedingly moist due to escaping steam, wet 
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floors, and the large amount of water constantly used for clean- 
ing purposes. Since excessive moisture is injurious to sensitive 
and delicate apparatus and makes accurate work more difficult, 
the laboratory should be located in the driest part of the building. 
Moist walls, escaping steam and wet floors should be avoided as 
much as possible. 


Floor. A smooth floor that does not absorb moisture, and 
which may be easily and thoroughly cleaned serves best. Water 
from adjoining rooms should not be allowed to flow into the 
laboratory. Ample drains should be supplied to carry away wash 
water. Asphalt on a concrete base is very satisfactory, but any 
substantial floor will serve. The floor and walls should be solid 
and free from vibrations as they will have to support chemical 
balances, and other delicate apparatus that should rest on solid 
foundations in order to prevent their injury, and give the best 
service. 


Ventilation. The ordinary means of ventilation, where pos- 
sible, should be supplemented by forced draft. This may be 
readily supplied and serve a double purpose by placing a flue 
leading from the hood. Proper ventilation will assist materially 
in freeing the laboratory of excessive moisture, noxious gases 
that should not be allowed to enter the manufacturing rooms, and 
in contributing to the health of the workers. 


Temperature. The temperature should be held at all times as 
near to 68° F.. (20° C.) as is convenient. Wide changes in tem- 
perature are to be avoided because of the effect upon the ap- 
paratus and upon the density of solutions. 


Tables and Desks. The laboratory tables should be substantial 
and covered with material impervious to moisture or chemicals. 
Where expenses must be kept down wooden tops stained black 
and treated with acid and alkali proofing substance are commonly 
used. Sheet lead laid over plank is favored by some and is pre- 
ferred to wooden tops. Glazed white tile or slabs of vitrolite give 
good service, and are very neat and attractive. Any finish that 
cannot be easily and thoroughly cleaned, or which is softened by 
heat should be avoided. While wooden drawers give good 
service, metal drawers made from pressed steel are an advantage 
because they do not swell or check under varying atmospheric 
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or moisture conditions. Ample drawer space for storing ap- 
paratus should be provided under the benches and tables. ‘The 
drawers should vary in depth from three to ten inches according 
to the apparatus they are to contain. The larger enclosed spaces 
under the benches should be reserved for the taller pieces of 
apparatus. Narrow shelves for holding reagent bottles should be 
placed on the walls over the work benches. Cupboards for hold- 
ing chemicals should also be supplied. 


Hood. No laboratory is complete or satisfactory without a 
roomy well ventilated hood. It should be equipped with sliding 
sash front to permit observation of operations without opening 
the hood. Where available the hood as well as the work benches 
should be supplied with gas and water cocks. 

Sinks. ‘The sinks should be large and conveniently located as 
much work must be done near them. Iron or porcelain sinks are 
to be preferred, and where they are to be used to carry away 
mineral acids, they should be lined with sheet lead, and the waste 
pipes should also be made of lead. Where possible the sinks 
should be supplied with hot as well as cold water. The plumbing 
should be so constructed that it may be readily reached when 
repairs are necessary. 

Steam and Electricity. Both steam and electricity can be 
used in many ways to advantage in the testing laboratory. Where 
power for operating a large amount of equipment is installed, it 
will be a comparatively simple detail to supply the laboratory. 
While it is not always indispensable, electricity is coming more 
into general use in laboratory methods, and in many analyses it 
is a real necessity. 

Lighting. Good light is a real necessity in laboratory work. 
A large skylight opening toward the north serves well, and where 
the location of the room permits, this means of lighting should 
be adopted. It should be supplemented with side lights where 
possible. The best light is obtained through north windows, but 
light from other directions will serve fairly well. The laboratory 
should also be provided with a good system of artificial light as 
it will be needed on dark days, and in the morning and late after- 
noon of the shorter days. White or light colored walls will also 
assist materially in giving good light. 
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Apparatus. The larger and more important pieces of ap- 
paratus are the Mojonnier tester, balances, polariscope, micro- 
scope, viscosimeter, centrifuges, water-still, drying ovens, hot 
water bath, extraction apparatus, and muffle furnace. 


The Microscope. A good microscope is an essential piece of 
apparatus in every dairy plant laboratory. Where bacteriological 
work is carried on, it is an absolute necessity, and it will be 
frequently used in the examinations of milk sediment for dis- 
tinguishing yeasts and molds and detecting milk sugar crystals 
in condensed milk and other milk products, and for the study of 
butter fat globules. For these reasons the chemist should have 
a good microscope with all accessories immediately available. 


The following are the more important of the small, necessary 
items of equipment for a completely equipped dairy laboratory : 


Balance, Harvard trip, or Torsion. Sensitive to 1/100 gram. 

Balance, specific gravity. 

Beakers, glass, 100 c.c., 250 ¢.c., 500 c.c. 

Beakers, aluminum, 150 c.c. 

Beaker covers (watch glass). Different sizes. 

Bottles, reagent. Glass stoppered, 250 c.c., 500 c.c., 1000 ¢.c. and 2000:c.c. 

Bottles, washing, with rubber stopper and flexible delivery tube. 

Bottles, weighing. 

Boxes, microscope slide. S 

Brushes, wooden handles for cleaning cylinders and jars. 

Brushes, camel’s hair for cleaning scale pans. 

Brushes, on tinned iron wire handle for cleaning long tubes. 

Burettes with glass stopcock. Capacity 10 cc. and 50 e.c., graduated 
to 1/10 ce. 

Burettes, Mohr’s. For pinch cock. Capacity 50 cc., graduated to 
1/10 ee. 

Burners, alcohol lamps, glass. 

Burners, Bunsen. 

Burners, Bunsen’s ring form. 

Centrifuges, high speed, with accessories. 

Clamps, burette Lincoln. 

Clamps, Universal for condensers, ete. 

Clamp holders. For attaching clamps, extensions, rings, ete. 

Clamp, test tube. 

Clamps, tubing. 

Condensers, with bulb condensing tube, used in perpendicular position. 

Condenser, with straight condensing tube, used in slanting position. 

Connecting bulb tubes, Kjeldahl’s. 

Corks, best quality, various sizes. 
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Corks, rubber. 

Cork borers of polished brass, 12 in nest. 
Cork borer, sharpener. 

Cork softener. 

Cork screw. 

Cotton for plugging test tubes. 

Crucibles, glazed porcelain, with covers. 
Crucibles, Gooch. 

Gooch crucible holder, Bailey’s. 

Crucible, platinum with cover, capacity 15 c.c. 
Crucible tongs. 

Cylinders, for use with hydrometers and lactometers. 
Cylinder, graduated 10 cc., 25 ec, 100 ce, 1000 ce. 
Desiccators, one large, one small. 

Dishes, crystallization, flat bottoms. 

Dishes, evaporating, porcelain. 

Forceps, fine straight points. 

Drying oven, double walled for water. 
Extraction apparatus, heaters for. 

Files, round (rat tail). 

Files, triangular. 

Filter paper, various sizes. 

Filter paper, ash free. 

Filter cover, porcelain. 

Filter pump. 

Flasks, ordinary form. 

Flasks, Erlenmeyer, 125 c.c., 250 c.c., 500 c.c. 
Flasks, distilling. 

Flasks, for suction filtration. 

Flasks, Kjeldahl digestion. 

Flasks, sugar, accurately graduated at 100 c.c. and 110 cc. 
Flasks, graduated at 250 e.c., 500 c.c. 

Funnels, glass, different sizes. 

Funnels, separatory. 

Funnel tubes. 

Furnace, muffle, for all kinds of muffle work. 
Glass rods. 

Glass tubing, various diameters. 

Hydrometers, specific gravity and Baume. 
Lactometer, Quevenne. 

Milk sediment tester and accessories. 

Mortar, agate or porcelain with pestle. 
Pipettes, small with rubber bulb. 

Pipettes, volumetric, 5 c.c., 10 ¢.c., 25 ec, 50 ce. 
Ring stands, iron. ; 
Rings, support with clamp. 

Rubber policemen. 
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Rubber tubing. 

Sand bath, of iron. 

Shears, laboratory. 

Sieves, mesh, 20, 60, 80, 100, 140, 180. 

Spatulas. 

Supports, burette, condenser and funnel. © 

Test tubes, 10 c.c., 25 c.c., 50 cc. 

Test tube racks. 

Test tube baskets. 

Thermometers. 

Tripods. 

Triangles, wire, and pipe stem. 

Tripods, iron for Bunsen burners. 

Tubes, connecting. 

Tubes, distilling. 

Watch glasses. 

Water bath. 

Wire gauze. 

Wire gauze, iron with asbestos center. 
Additional Apparatus for Bacteriological Work. 

Autoclave. 

Sterilizers. 

Dry air sterilizing oven. 

Incubator. 

One c.c. pipettes, graduated in tenths. 

Test tubes, heavy walled. 

Erlenmeyer flasks, 1000 c.e. ° 

Petri dishes, 100 x 10 mm. 

Reading glass. 

Counting plate. 

Counter. 

Wax pencils. 


The following are the more important chemicals required in a completely 
equipped dairy laboratory: 

Acid acetic, glacial 99.0%. 

Acid hydrochloric C. P. concentrated 38.0%. 

Acid nitric C. P. concentrated 69.0%. 

Acid oxalic C. P. crystallized. 

Acid rosolic. 

Acid sulphurie C. P. concentrated 100%. 

Alcohol, amyl. 

Alcohol, ethyl, absolute Sp. Gr. .7938, and also 190° proof 95%: 

Alum (potassium aluminum sulphate) crystallized. 

Ammonia, concentrated 28%. 

Ammonium chloride. 

Ammonium molybdate. 
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Asbestos fibre. 

Barium chloride. 

Chlorinated lime, crystallized. 
Calcium peroxide. 

Carbon bisulphide. 

Cochineal, indicator. 

Copper sulphate, crystallized. 
Distilled water. 

Ether, moisture and residue free, both ethyl and petroleum. 
Ferric chloride. 

Formaldehyde, 40%. 

Fuchsin, crystallized. 

Glycerin, U. S. P. 

Potassium iodide. 

Lead acetate (crystallized). 
Litmus paper and cubes. 
Magnesium carbonate. 

Mercury. 

Methyl orange. 

Phenolphthalein. 

Potassium carbonate. 

Potassium hydrate sticks. 
Potassium permanganate. 
Pumice stone. 

Rochelle salts (crystallized sodium and potassium tartrate). 
Silver nitrate, C. P. crystallized. 
Sodium carbonate. 

Sodium hydrate, sticks. 

Starch. 

Tumeric, dry powder and paper. 
Xylol. 

Zine dust. 

Tenth—normal sodium hydroxide. 
Tenth—normal hydrochloric acid. 
Tenth—normal ammonium hydroxide. 
Tenth—normal silver nitrate. 
Saturated lime water. 


GENERAL PLANS FOR DAIRY LABORATORIES. 


No fixed plan can be recommended to suit all plants. The 
conditions prevailing at each separate plant must be taken into 
consideration before deciding upon the arrangement and equip- 
ment of the laboratory. Fig. 1 shows the suggested floor plan 
for a plant-laboratory where a number of different dairy products 
are manufactured. Under some conditions it may be desirable 
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Fig. 1. Suggested floor plan for laboratory in plant manufacturing several 
different dairy products, including evaporated milk, sweetened 
condensed milk and ice cream. 


1. Mojonnier milk tester. 2. Evaporated milk controller. 3. Washstand. 
4, Autoclave. 5. Sterilizer, 6. Incubator. 7. Hood. 8. Work bench. 
9. Babcock tester. 10. Desk. 11. Chair. 


| 8 (xcs Oo ot) | 
Fig. 2. Suggested floor plan for laboratory in plant manufacturing ice cream. 


1. Mojonnier milk tester. 2. Washstand. 3. Autoclave. 4. Sterilizer. 
5. Incubator. 6. Work bench. 7. Hood. 8. Desk. 9. Chair. 
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to divide the work into departments, and to partition the labora- 
tory into separate rooms. The arrangement of the control 
laboratory where such is maintained will be governed by the 
work to be done therein, and in many respects can be considerably 
different, both as regards arrangement and equipment, from the 
plant laboratory. Fig. 2 shows the suggested floor plan for a 
small factory laboratory where only ice cream or a limited num- 
ber of other dairy products are manufactured. The equipment 
in this case can be reduced to a minimum, being limited to ap- 
paratus for controlling fat and total solids and where so desired, 
for making bacteriological and a few other minor tests. 


CHAPTER II 


THE CONSTITUENTS OF MILK 


General Statement. Milk is the normal secretion of the mam- 
mary glands of mammalia during the period of lactation fol- 
lowing parturition. The definition of milk, adopted by the 
Association of American Dairy, Food and Drug Officials, Aug. 3, 
1917, was the following: ‘‘Milk is the whole, fresh, clean, lacteal 
secretion obtained by the complete milking of one or more healthy 
cows, properly fed and kept, excluding that obtained within 15 
days before and 5 days after calving, or such longer period as 
may be necessary to render the milk practically colostrum free.’’ 

The milk of a number of different species of mammalia has 
been used as human food. In parts of the world the milk of the 
zebu, goat and sheep is of some commercial importance. Goat’s 
milk in some instances has found favor in this eountry as food 
for infants of delicate digestion, probably because the casein does 
not readily mat into a lump when acted upon by acids in the 
stomach. The casein in that respect behaves more like the casein 
in human milk. However, the substance commercially known 
as milk in this country, refers to the milk of the cow, and it is 
used in this sense in this volume unless otherwise specified. 


THE PHYSICAL PROPERTIES OF MILK. 


Milk and the products obtained from milk are so universally 
used that their principal physical properties are a matter of com- 
mon knowledge.. Whole milk consists of an emulsion of light- 
yellow fat globules in an opaque white serum that usually has a 
slight bluish tinge. The color of whole milk as well as of other 
dairy products varies under many different conditions, both of 
production and manufacture. The practice of standardizing color 
is a long established one in many industries. Physical properties 
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such as flavor, viscosity and appearance that frequently affect 
the sale of the product also vary under many different condi- 
tions. It is not within the province of this chapter to discuss 
these properties in detail. Further reference will be found in 
later chapters. 


THE COMPOSITION OF MILK. 


The constituents of milk and milk products divide themselves 
into groups both for commercial and scientific considerations. 
First: Water and total solids (ordinarily at least no attempt is 
made to account for the gases in milk). Second: The total solids 
are divided into two parts, one being called fat and the other 
solids not fat. Both of these later groups form the basis of our 
leading dairy industries. Third: The solids not fat are again 
further divided into their several component parts which will be 
deseribed in later paragraphs. 

In Table 1 the composition is given of the more common 
American dairy products, in terms of water, fat, solids not fat, 
and total solids. It is assumed that the initial lot of whole milk 
weighed 1000 pounds, and that it tested 87.75 per cent of water; 
3.75 per cent of fat; 8.50 per cent of solids not fat, and 12.25 
per cent of total solids. It is further assumed that the entire lot 
of products mentioned in the table were obtained from a similar 
quantity and composition of whole milk. The pounds of each 
kind of product thus obtained is given. Note the remarks in the 
case of sweetened condensed milk and in ice cream mix. The 
yield and composition of these products as mentioned could not 
have been obtained except by removing part of the fat in the 
case of the sweetened condensed milk, and by adding additional 
fat in the case of the ice cream mix. 


VARIATIONS IN CONTENT OF FAT AND SOLIDS NOT FAT IN 
WHOLE MILK. 


The composition of milk varies considerably, and the per- 
centage of no single constituent is constant between samples 
taken from different sources or different milkings of the same 
individual. The range of variation that occurred in the percentage 
of fat and in the percentage of solids not fat in the milk from 
1217 herds is shown in Fig. 3. 
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Variation in fat and solids not fat in milk from 1217 New York Herds 


Fig. 3. 


Tests made by H. C. Troy and W. B. White. 
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It also shows the general relation that exists between the per- 
centages of fat and solids not fat. The data represent the com- 
position of single samples of the mixed herd milk from 1217 
different herds. They included the different breeds and classes 
of cows in central and western New York. The number of cows 
in the different herds is not known, but would probably average 
about ten. The samples were taken at all seasons of the year 
from the mixed herd milk by inspectors, experienced in such 
work, after watching the milking operation .and making certain 
that the samples truly represented the milk produced by the herd 
at that milking. Several hundred of the samples were analyzed 
by one of the authors of this book, while he was State Chemist 
in New York, and the remainder were made by his successor, 
Mr. W. B. White, State Chemist, Ithaca, New York. 

The fat varied between 2.25 per cent in the lowest analysis 
to 6.8 per cent in the highest. The solids not fat varied between 
7.25 per cent in the lowest analysis to 10.13 per cent in the highest. 
The percentage of solids not fat increases as the percentage of 
fat increases, but the ratio of increase is not constant and gradu- 
ally diminishes as the higher fat percentages are reached. 

The percentage of fat was obtained by the Adams extraction 
method excepting in a few cases where the Babcock method was 
used. The solids not fat were obtained by drying to constant 
weight 2.5 to 3.0 grams of milk in a flat bottomed platinum dish 
in a water-jacketed drying oven containing boiling water, and 
then subtracting the percentage of fat from the percentage of 
total solids. 


DISTRIBUTION OF CONSTITUENTS OF WHOLE MILK. 


Table 2 was prepared to show at a glance the percentage 
composition of each important class of constituents in whole 
milk, and likewise of the separate constituents making up the 
various classes. 

The various constituents are discussed both by groups and 
individually in the following paragraphs. 

Gases. In the majority of dairy products, the material gases 
contained therein are of no practical or commercial significance. 
Gases are frequently the product of decomposition in which event 
they become undesirable constituents, and may cause large com- 
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mercial losses, principally in the case of butter, cheese and 
sweetened condensed milk. In other products such as Koumiss, 
the development of carbon dioxide is of prime importance, and 
determines the commercial value of the product to a considerable 
extent. The principal gases found in freshly drawn milk are 
carbon dioxide, oxygen and residual gases, generally assumed 
to be nitrogen, but this assumption remains unproved. The total 
volume amounts to about 7 to 9 per cent. According to Mar- 
shall’s experiments, the above gases are present in the milk before 
the same leaves the udder. 


TABLE 2. 
Distribution of Constituents of Whole Milk in Percentages. 
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Water. The water forms about 87% of the milk substance. 
It is derived directly from the blood and serves as a vehicle for 
carrying the other constituents of the milk in a fluid condition. 
The water may be separated from the other substances by dis- 
tillation. It may then be condensed and collected. After remov- 
ing traces of volatile gases, it has exactly the same composition 
and physical properties as pure water from any other source. 


Total Solids. The total solids include all of the milk con- 
stituents that are not evaporated when a small amount of the 
milk is spread over a large surface and dried to practically con- 
stant weight at a temperature of 100° C. The percentage of total 
solids may vary between 10.5 and 15.5. In a few exceptional 
cases it may fall outside of this range, but in the vast majority 
of analyses it will fall between 11.5% and 18%. The percentage 
of total solids in milk or other dairy products is of special im- 
portance as it is a measure of the food substance contained 
therein, and also because legal enactments have fixed minimum 
percentages of total solids for most dairy products. 


Solids Not Fat. The solids not fat are made up of casein, 
sugar, albumin, ash, and a few other less abundant, but neverthe- 
less important constituents. They form the solids in the serum 
after the fat has been removed. The white, opaque color of milk 
is largely due to their presence although the fat globules add to 
this property. In milk of average composition, the solids not 
fat supply about one-half of the energy producing substances 
and practically all the muscle building properties. The higher 
specific gravity of milk over that of water, is also due to these 
substances ; the specific gravity of the solids not fat being about 
1.615. They increase the viscosity (sticky quality) of milk, and 
as some of them are not in complete solution, they assist in hold- 
ing the fat in an emulsified state, preventing its rapid rise to the 
surface, and complete separation from the remainder of the fluid 
under the influence of the force of gravity. Even when force is 
applied in centrifugal methods of separation, the solids not fat 
prevent the removal of some of the smaller fat globules so that 
separator skim-milk rarely contains less than .05% of fat. 

Van Slyke and Bosworth’ state that sugar, citrie acid, potas- 
sium, sodium and chlorine are wholly in solution, and that the 


Mik Fart WW 


albumin, inorganic phosphates, calcium and magnesium are partly 
in solution and partly in suspension. Any of these substances 
that are in suspension would assist in holding fat in an emulsified 
condition. 

Skim-milk, buttermilk, whey, plain and sweetened condensed 
skim-milk and skim-milk powder owe their commercial im- 
portance to their content of milk solids not fat. The small amount 
of fat carried in these products also adds to their value. There 
is everywhere a growing recognition of the food value of milk 
solids not fat. 


Milk Fat. The fat from milk is generally known as it appears 
in butter. For this reason it is commonly called butter fat. Be- 
fore it is separated from milk it may be seen, with the aid of a 
microscope, in the form of minute opalescent globules floating in 
the milk serum. Different investigators have determined the 
diameter of the fat globules of milk. While their results are 
not wholly in accord, it appears that the diameters of the globules 
vary between 0.01 mm. and 0.0015 mm. (approximately 0.004 and 
0.00006 inch). The fact that fat globules of milk do not readily 
unite, combined with other phenomena, led to the theory at one 
time supported by some investigators, that the globules are sur- 
rounded by a membrane, but there is scarcely evidence sufficient 
to support this conclusion. The consensus of opinion among in- 
vestigators is that the fat exists in the milk in the form of a 
true emulsion. 

The appearance of butter fat globules under the microscope 
varies with the product, and with the treatment which the product 
has received. 

When fat is completely separated from the milk in the form 
of butter, it is characterized by its yellow color, and by desirable 
and attractive flavors and aroma. Animal fats may appear some- 
what yellow especially when melted to an oil, and by selecting the 
fats from certain parts of the carcasses of cattle of some breeds, 
tallow may be obtained that has a yellow tint when solid, but 
the depth of yellow color in butter is not obtained in tallow, 
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Fig. 4. Fat Globules in Whole Milk. Mag. 500 Dia. 
Courtesy Telling-Belle Vernon Company 


Fig. 5. Fat Globules in Ice Cream Before Homogenizing. Mag. 200 Dia. 
Courtesy Telling-Belle Vernon Company 


Fig. 6. Fat Globules in Ice Cream Mix After Homogenizing. Mag. 200 Dia. 
Courtesy Telling-Belle Vernon Company 
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without the addition of foreign coloring. The yellow color of 
milk fat may vary according to the individual cow, the breed and 
the feed. The fat having the more pronounced yellow color is 
produced in the early summer, when the feed is green and suc- 
culent, while the palest fat is produced in the winter months when 
such feed may not be obtained. The color of the fat in the form 
of butter is somewhat intensified by the addition of salt. 

Fig. 4 shows fat globules in whole milk. Fig. 5 shows the 
fat globules in ice cream mix before homogenizing, and Fig. 6 
after homogenizing. 

The melting point of milk fat varies between 31° and 36° C. 
(88° and 96° F.). A number of factors combine to influence the 
melting point, but the exact effect of each is not known. The 
specific gravity of milk fat ranges between .93 and .94 at 15° 
C. (59° F.). The fat expands as the temperature is increased, 
thus lowering the specific gravity until at a temperature of 60° 
(140° F.) it is about .90, and at 100° C. (212° F.) it is approxi- 
mately .864. 

Milk fat is composed of 9 different fats. Browne? made a study 
of the percentage of each present and obtained the following 
results. : 

Palmatin 40.51%, olein 33.95%, myristin 10.44%, stearin 
2.95%, laurin 2.73%, butyrin 6.23%, caproin 2.32%, caprylin 
538%, caprinin 34%. 

The fats are composed of three elements, carbon, hydrogen 
and oxygen. The atoms of these elements combine with each 
other under the force of chemical attraction to form molecules. 
The substances made up of these molecules possess different prop- 
erties according to the proportion of each element present, and 
the manner in which the atoms are combined. Combined in one 
way and one proportion, they form the well known substance 
ealled glycerine; combined in another way and in differing 
proportion, they form a series of substances called fatty acids. 
In the elaboration of milk fat in the body of the animal nine 
distinct fatty acids are formed and combined with glycerine. 
Each molecule of glycerine holds three fatty acid radicles in com- 
bination. The acids present in milk fat are butyric, caproie, 
ecaprylic, lauric, myristic, palmitic, oleie and stearic. Combined 
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with glycerine they form the nine fats named above. It appears 
that any three of the fatty acids may unite with a glycerine 
radicle, thus forming a more complex molecule than would be 
possible if the glycerine molecule were combined with three 
radicles of a single fatty acid. 

The fat molecules may be split up into glycerine and fatty 
acids. By separating the glycerine and purifying it, the ordinary 
glycerine of commerce is obtained. When set free from the 
glycerine the butyric and caproic acids are soluble in water while 
the other fatty acids from milk fat are not soluble. The fatty 
acids of milk fat may also be grouped as volatile and non-volatile. 
When a mixture of fatty acids in water is boiled the butyric, 
caproic, caprylic, capriec and possibly some of the lauric¢ acids are 
volatilized. By means of a distilling apparatus they may be ecol- 
lected and measured by titration with an alkali. 

This is one of the best methods of distinguishing milk fat 
from all other fats and oils as the percentage of volatile fatty 
acids in the latter is much lower. It is the presence of the fats 
from the volatile fatty acids, especially butyric, that gives butter 
its characteristic flavor. The fat in butter becomes rancid as a 
result of the splitting up of the fat molecule, as the fatty acids 
when freed from the glycerine radicle have very characteristic 
and pungent odors and flavors. ‘ 

The percentage of the harder fats is lowest during the earlier 
stages of the lactation period with a corresponding increase in the 
percentage of the softer fats. This has a practical bearing as the 
softer butter resulting retains moisture more readily than the 
harder butter made from fat secreted toward the end of the period 
of lactation. The manufacturing process must be modified to 
meet these differing conditions or butter containing a percentage 
of moisture above the legal limit may result. 

Both from a physiological and commercial standpoint, the fat 
is the most important constituent of all dairy products. This 
accounts for the exact control required over this constituent. 


Casein. Casein is the principal protein of milk, and it is 
present in the milk of all mammalia. It has been studied by a 
number of investigators, and different names have been given to 
the substance as it exists in fresh milk, and to the principal 
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product derived from it in the natural souring of milk. Van Slyke 
states that the neutral substance as it is believed to exist in 
fresh milk is calcium caseinate, consisting of casein in combina- 
tion with 1.5% of calcium oxide. The true casein consists of the 
protein that remains after it has been separated from the calcium 
oxide. The name calcium paracasein is given to the insoluble 
substance formed by the action of rennet. 

The casein forms about 80% of the milk proteins, the albumin 
about 15%, and small amounts of other proteins make up about 
5%. It appears that some of the same influences that affect the 
percentage of fat in milk, also may cause variations in the per- 
centage of casein. 

Casein is present in fresh sweet milk in the form of minute 
gelatinous particles saturated with the remainder of the serum 
until the substance is evenly distributed throughout the mass of 
liquid. Substances that act in this manner are called colloids. 
The colloidal particles of casein do not pass through animal 
membrane or unglazed porcelain and may be separated from 
skim-milk by using these substances as filters. The calcium casein 
separated from skim-milk by this means, is a gelatinous substance 
nearly white in color. It is not quite as opaque as the casein pre- 
cipitated from milk by acids, and is not so readily ground to a 
white powder when dry. 

The casein molecule has a very complex structure being made 
up of a large number of atoms. The six elements that enter into 
its composition, and the percentage of each according to 
Kirchner‘ is carbon 58%, hydrogen 7%, oxygen 22.70%, nitrogen 
15.70%, phosphorous .85%, sulphur .75%. 

Pure casein may be separated from fat-free milk serum by 
precipitation with very dilute acid. Special precautions must be 
taken to prevent other milk constituents from contaminating the 
casein during the operation, and to wash it free from foreign 
substances before drying. 

In the natural souring of milk, the lactic acid which is de- 
veloped from the milk sugar, unites with the calcium of the 
calcium caseinate, forming calcium lactate, setting free the casein 
and precipitating it, in the form commonly seen in curdled milk. 
The precipitation of the casein begins when the acidity reaches 
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about .6% at. 70° F. if the acid is developed normally in the milk. 
If the acid is added to the milk at a temperature of 70° F. a 
slightly lower percentage will coagulate the casein. The higher 
the temperature, the lower will be the percentage of acid neces- 
sary to cause coagulation. Casein is also coagulated by the salts 
of a number of metals and by concentrated alkaline solutions; 
while dilute alkaline solutions and concentrated acid solutions 
dissolve it. Heat changes the casein compounds in fresh milk 
under pressure and coagulates the casein at 180 to 140° C. The 
enzymes, rennin and pepsin also precipitate casein and are used 
extensively for this purpose in the manufacture of cheese. The 
specific gravity of casein is between 1.26 and 1.35. 


Casein serves primarily as a food as it is found in milk, and 
the usual milk products. It forms a large part of the substance 
of nearly all cheese, and gives to cottage cheese practically all 
of its food value. In some proprietary foods the casein is treated 
with sodium compounds, and other salts that are also found in 
milk, and other substances to make it more soluble or to give it 
special properties. Plasmon, Tila, Nutrose, Eucasein, Sanatogen, 
Lacto-Somatose and Argonin are trade names given to foods of 
this nature made from casein. 

Galalith and Lactoform are substances made from casein 
after precipitation with metallic salts, or by other means and then 
- treated with formaldehyde. This substance may then be used for 
some purposes as a substitute for, or in imitation of bone, horn, 
ivory, celluloid, porcelain and similar materials. It is used in the 
manufacture of buttons, door knobs, knife handles, picture frames, 
tubes, rods, oil flasks, cartridge cases, sink plugs and corks. 


It is mixed with medicinal reagents to assist in administering 
them, and it is used in many massage creams, ointments and soaps. 
Glues, adhesives, putties, paints, calcimine, photographie mate- 
rials, glazing materials, dolls and toys are also sometimes made 
from it. It is also further used in calico printing, in making imi- 
tation leather, insulating material, washable oil paper, drawing 
and writing paper, and in treating cloth and felting, and loading 
silk and other cloth, to make them heavier. 


Milk Sugar. Milk sugar or lactose forms about 38 per 
cent of the total solids. The percentage present in milk from 
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different sources, and from different milkings of the same animal 
does not vary over nearly as wide a range, as does the percentage 
of fat. It is composed of carbon, hydrogen and oxygen. Three 
modifications of milk sugar are known to exist, all of which be- 
have differently towards polarized light. 

First, the monohydrate or a milk sugar which has the formula 
C,, H,,0,, + H,O. This is the ordinary crystallized milk sugar 
of commerce, and the form that crystallizes out from water 
solutions at room temperature. As the formula shows, it contains 
one molecule of water of crystallization. This water is retained 
_ upon heating to 100° C. in the dry state, or in water in an un- 
saturated solution. At 130° to 140° C. the molecule of water is 
given off. At 170° C. it decomposes forming lacto-caramel. It 
melts at 203.5° C. with further decomposition. Its specific heat 
is 0.30 and its specific gravity is 1.54. 

Second, the anhydrous modification called @ anhydrous milk 
sugar which has the formula C,, H,, O,,. Hudson® devised a 
method whereby this modification could be produced in a chemi- 
cally pure condition. His method is based upon the principle 
that this form erystallizes out of hot, supersaturated solutions 
of milk sugar. The specific gravity at 20° C. is 1.59. 

Third, another anhydrous modification called a anhydride 
which is obtained when the monohydrate milk sugar is heated at 
125° C. to constant weight. This form is very hygroscopic, and 
the evidence indicates that, upon dissolving in water, it goes 
_ back to the monohydrate form. 

The solubility of milk sugar has been studied by Dubrun- 
' faut,® C. S. Hudson,* E. Soillard,’ Mack & Liedel,* and in the 
laboratory of Mojonnier Bros. Co. Milk sugar has both an in- 
itial and a final solubility. That is, by mixing an excess of milk 
sugar with water, a certain amount will go immediately into so- 
lution, and a further additional amount will also go into solu- 
tion, after prolonged mixing of milk sugar with water. It is 
this fact that accounts for the disagreement in results between 
different investigators. The final solubility at different tem- 
peratures is given upon the graph Fig. 7 and in Table 3, page 25. 
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TABLE 3. 
The Solubility of Milk Sugar at Different Temperatures. 


Parts milk Parts milk 
Temperature j|sugar dissolved|| Temperature |sugar dissolved 
degrees F. in 100 degrees F. in 100 
parts water. parts water. 

35 11.9 120 43.0 
40 13.2 125 46.8 
45 14.0 130 51.0 
50 14.9 135 59.9 
55 15.9 140 64.5 
60 17.0 145 65.8 
65 18.2 150 69.3 
70 19.5 155 74.5 
75 21.0 160 80.1 
80 22.8 165 86.2 
85 24.8 170 93.2 
90 27.0 175 101.2 
95 29.3 180 110.5 
100 31.7 185 121.3 
105 34.3 ja~ £100 133.9 
110 36.8 192 139.2 
115 39.7 


As indicated by the foregoing results, the solubility decreases 
with lowering temperatures, or vice versa. The rate of solution 
increases rapidly with rising temperatures. Between 32° and 
35° F. the solubility increases at the rate of .17 parts of milk 
sugar to 100 parts of water for each degree F’.. of rise in tempera- 
ture. Between 190 and 192° F. the increase is at the rate of 2.65 
parts, or 15.6 times greater than at the lower temperature. 

The crystalline monohydrate of milk sugar according to 
Traube’® belongs to the monoclinic system, and the same has the 
following constants: a, b, ¢ = 0.3677; 1: 0.2143, B= 109° 47’. 


The faces are clinodomes. 
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A typical crystal is illustrated under Fig. 8. For purpose 
of comparison, typical crystals of cane sugar are illustrated under 
Fig. 9. This shows the characteristic difference between the 
two sugars. 

Fig. 10 is a photomicrograph of milk sugar crystals crystal- 
lized from a pure lactose solution by evaporation of the water 
at room temperature. 

Milk Sugar, like cane sugar, as pointed out by Browne,” 
erystallizes in a variety of forms. This is proved by examination 
of Fig. 10. This accounts for the lack of agreement upon the sub- 
ject between authorities. 
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Fig. 8. Typical Monolinic Crystal of Milk Sugar the faces of which are 
clinodomes. 
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Fig. 9. Typical Monolinic Crystals of Sucrose, I. Tabular Form, II. Form 
with Hemihedral Faces.”° 


Decomposition Products of Milk Sugar. Through the action 
of lactic acid bacteria, milk sugar is converted into lactic acid, 
one molecule of sugar yielding four molecules of lactie acid, ac- 
cording to the following equation: 


Cy, H,, 0,,+-H,0 =4 C,H,0,. 

In actual practice the theoretical amount of lactic acid is 
not realized, as a part of the sugar is broken down to form other 
substances, the principal of which are carbon dioxide and water. 
Only about 70% of the sugar that disappears is found in the 
form of lactic acid. A part of the acid, thus formed from the 
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milk sugar, unites with the calcium, setting the casein free. The 
latter then coagulates and forms the curd of sour milk. 

When a little more than .20% of lactic acid has developed in 
milk its presence may be detected by its odor, and when the per- 
centage reaches .25%. to .30% it is noticeable to the taste. When 
-60% of acid has developed in the milk the casein coagulates at 
ordinary temperatures, and when about .90% of acid has de- 
veloped the ordinary variety of lactic acid bacteria becomes in- 
active and the development of the acid ceases. Special forms 
of bacteria like those used in the manufacture of Yogurt (Bac- 
terium caucasium) develops acidity as high as 3%. 


Fig. 10. Milk Sugar Crystals. Mag. 200 Dia. 
Courtesy Telling-Belle Vernon Company. 


Milk sugar, when fermented by the action of certain special 
vafieties of yeasts, also yields alcohol. With the presence of 
bacteria, lactic acid may be formed at the same time, and the 
casein is partly broken down. This form of fermentation is 
used in the manufacture of koumiss from mare’s milk and kep- 
hir (or kefir) from the milk of cows, sheep or goats. Koumiss 
may develop as high as 3% of alcohol and 1.25% of lactie acid 
while kefir may contain a little more than 1% of alcohol and 
.9% of lactic acid. 

Uses of Milk Sugar. Milk sugar is used to a large extent 
with cream and water in modifying cow’s milk for feeding in- 
fants when it is desired to reduce the percentage of protein. 
It is supposed to have special value in checking undesirable fer- 
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mentation in the digestive tract. It is sometimes used as a food 
for consumptives, and in cases of dropsy and wasting diseases. 
It also finds use in pharmacy as a base for pills, tablets and 
other similar purposes. 


The percentage of milk sugar in concentrated milk products 
like evaporated milk and condensed milk varies according to 
the degree of concentration of the milk, and the percentage 
originally present. The condensing process does not necessarily 
cause any change in the milk sugar unless it is exposed to high 
temperatures for a long time, thus partially caramelizing the milk 
sugar and giving it a darker color. This, in turn, gives a very 
light brown color to the milk. Where the concentration of milk 
is carried to a point that does not leave enough water to hold 
the sugar in solution, it crystallizes out, and the concentrated 
product has a sandy and gritty feeling on the tongue when 
tasted. If such product is used in the manufacture of ice cream 
without pasteurizing and diluting, it sometimes transmits this 
undesirable property to the frozen product. A large part of 
the milk sugar in sweetened condensed milk is usually present 
in the erystallized form. The erystals are not considered objec- 
tionable in this substance, especially if they are small enough to 
remain in suspension. 


Milk sugar may readily become the starting point for many 
defects in dairy products. For this reason its properties and 
its behavior under varying conditions require close study. 


Albumin. Milk contains about .6 per cent of this protein. 
Because it is not present in milk in such large amounts, and is 
not of such commercial importance, it has not received as much 
study by investigators as has been given to casein. It differs 
from casein in composition, and in several of its properties. It 
is in solution in milk, and it may be coagulated by heat above 
70° C. Acids do not coagulate it at ordinary temperatures and 
it is not coagulated by rennet nor by magnesium sulphate added 
almost to saturation. It contains no phosphorus, and about 
twice as much sulphur as casein. The albumin may be sepa- 
rated by boiling the liquid that remains after precipitating the 
easein from skim-milk with dilute acids or rennet, and filtering. 
The coagulated albumin will remain on the filter as a white 
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amorphous mass which is not as granular as casein that has been 
coagulated by acids. 


Sebelien® prepared pure albumin from milk and gives it the 
following composition: Carbon, 52.19%; hydrogen, 7.18%; 
nitrogen, 15.77%; sulphur, 1.73% ; oxygen, 23.13%. 


Albumin contributes about one-sixth of the protein food 
value of milk and whole milk products that retain all of the 
milk constituents. The albumin in the whey obtained in the 
manufacture of cheddar cheese, is sometimes coagulated by heat 
and skimmed off. It is then made into an Italian form of cheese 
that is known as Ricotte. In the process of manufacturing milk 
sugar it is necessary to remove the albumin from the liquid. 
This is accomplished by heating the liquid to coagulate the albu- 
min, then passing it through filter presses. The albumin col- 
lects on the press cloths. When removed from these it is used as 
chicken feed, or in the manufacture of fertilizer. 


Mineral Constituents. Milk yields upon complete combustion 
of the organic matter, about .75 per cent of ash or mineral mat- 
ter. The ash does not accurately represent the salts as they 
actually exist in the milk. Part of the chlorides and sulphates 
are probably volatilized during the burning process, unless the 
temperatures are kept below the volatilizing point. Part of the 
sulphur and phosphorous in organic combination is probably 
oxidized in ashing, thus causing a slight increase in weight. The 
greatest loss occurs in the citrates. Porcher and Chevallier” 
have made the best analysis of this problem to date. According 
to their investigations, and also other authorities upon this sub- 
ject the probable composition before and after ashing is about 
as shown in Table 3A. The water of hydration, if there is any, 
is not taken into account. According to Porcher and Chevallier 
this water is volatilized at temperatures used in making total 
solids determinations. The possible loss by volatilizing during 
combustion is also not included. 
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TABLE 3A. 


Probable Percentage Composition Mineral Constituents of Milk Before and 
After Ashing. 


Name 
Constituents 


Sodium chloride........ 
Sodium bicarbonate..... 
Potassium chloride...... 
Potassium sulphate..... 
Mono potassium phos- 

phatessa. deniers: 
Di potassium phosphate. 
Di calcium phosphate... 
Tri calcium phosphate.. . 
Tri potassium citrate.... 
Tri magnesium citrate... 
Tri calcium citrate...... 
Lime combined with 

Casein ere Wei: 
Sulphur combined with 

casein and albumin... 
Phosphorus combined 

with casein and lecithin 
Potassium carbonate. ... 
Potassium metaphosphate 
Potassium pyrophosphate 
Calcium metaphosphate. 
Calcium pyrophosphate . 


Calcium oxide.......... 
Magnesium oxide....... 


Sulphur dioxide from § in 
casein and albumin... 
Phosphorus pentoxide 
from P in casein and 
lecithinis sca. oes 
Sodium carbonate....... 


“otal aera 


Chemical 
Formula 


NaCl 
NaHCO; 
KCl 
K.SO, 


KH.PO, 
K.HPO, 
CaHPO, 
Caz(PO.)e 
K3C.H;07 
Meg;(CsH;O07)2 
Casz(Ce6H;07) 2 


CaO 
S 


12 

K.COs3 
K3PO, 
KyP.0; 
Ca3z(POx4)o 
Ca.P 207 


CaO 
MgO 


SO, 


P.O; 
Na2CO3 


Per- 
centage 
in Milk 
Before 


Ashing 


. 106 
024 
.090 
017 


104 
094 
.065 
.078 
.065 
074 
Se 


.041 


.030 


024 

None 
None 
None 
None 
None 


None 
None 


None 


None 
None 


984 


Percentage 
in Milk 
Calculated 
as Ash 


.106 
None 
.090 
.017 


None 
None 
None 
None 
None 
None 
None 


Listed below 
None 


None 
.045 
.050 
.089 
.060 
.072 


.091 
.012 


.060 


Remarks 


Probably com- 
bined with part 
S and P 


Probably 
combined 
with Ca 


VITAMINES ay 


In the ash the bases are united with phosphorie, hydrochloric, 
carbonic and sulphuric acids, and as oxides. It has been thought 
that the small amount of sulphuric acid present is derived from 
the sulphur contained in the protein. The mineral matter in milk 
varies between rather narrow limits. It appears to increase 
slightly as the percentage of sugar decreases and vice versa. The 
percentage of ash in naturally rich milk is usually higher than in 
poor milk. The percentage also increases in milk secreted toward 
the end of the period of lactation. There are very small amounts 
of other substances which would slightly affect the salts in solu- 
tion, but they are relatively not very important, as far as now 
known. 


Lecithin. This substance is found associated especially with 
milk fat, egg yolk fat and liver fat. It is also found to a limited 
extent in some other animal and plant cell material. It is some- 
times classed as a phosphorized fat and has the formula C,, H,, 
O, NP. It is a yellowish white solid, soluble in ether and alcohol 
and may be separated from other food substances by the use of 
these solvents. When the extracted substance is treated with wa- 
ter, it appears to absorb it, but apparently does not go into com- 
plete solution, remaining in the form of an opalescent emulsion. 
When treated with an alkali it yields fatty acids, phosphoric acid, 
and other substances. 

Experiments by Supplee™t and by Cusick’ indicate that the 
fishy flavor frequently found in butter is due to the tri-methyl- 
amine derived from decomposition products of lecithin. 


Vitamines. In the past few years, investigators have proved 
that milk contains certain substances popularly called vitamines 
which are essential to health and growth. As yet none of these 
substances have been isolated, nor has their chemical identity been 
discovered. At the present time authorities are agreed that at 
least three distinct vitamines exist in milk. This number is known 
from their functional differences, ascertained largely by the bio- 
logical method. Largely at the suggestion of McCullom*® and his 
associates, these have been named fat soluble A, water soluble B 
and water soluble C or anti-scorbutie vitamine, respectively. 

Fat Soluble A is especially abundant in milk fat, egg yolk fat, 
and in liver and kidney fat. It is also found in leafy vegetables. 
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Water Soluble B is found in the non-fatty part of milk. It is 
also found in the yolk of eggs and in the leaves of plants. Fat 
Soluble A and Water Soluble B are found in greater abundance 
in milk and its products than in any other foods known up to 
this time. This is one of the strongest reasons why milk and its 
products should constitute a generous part of the diet of human 
beings from infancy to old age. It has been found by long and 
careful research that these two vitamines are not affected, re- 
duced, or destroyed by any of the usual manufacturing processes 
used in the home or in the factory in the handling of milk and its 
products. Pasteurized milk, evaporated milk, sweetened con- 
densed milk, ice cream, milk powder, butter and cheese all contain 
the above two vitamines in great abundance. 

Water Soluble C or anti-scorbutie vitamine is the least abun- 
dant in milk of the three vitamines named above. Even fresh milk 
just as it comes from the cow is deficient in this vitamine, and in 
any event its shortage should be supplied through other sources. 
Fortunately Water Soluble C is quite abundantly distributed in 
nature. Oranges and tomatoes contain it in relatively large quan- 
tities, providing a cheap and abundant supply. The addition to 
the diet of the juice from these products, either fresh or sterilized, 
can be practiced to advantage even in early infancy. 


Fig. 11. Citric Acid orystals prepared from cow’s milk. About one-half 
actual size. Prepared by one of the authors. 
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Citric Acid. This substance (H, OC, H, O,. H,O) or its salts is 
a normal constituent of milk. The amount in milk appears to 
vary but on the average about .20 per cent is probably present. 
It is a tri-basic acid and the erystallized calcium salt is sometimes 
found in evaporated milk. Barthel** states that by calculating 
the amount of alkali metals present in milk it is found that they 
are present in excess of the amount that would be satisfied by the 
chlorine and phosphoric acid and that investigations by Beau*® 
lead to the conclusion that the amount of citric acid in milk is on 
an average .2 per cent. Crystals of citric acid prepared from 
ecow’s milk are illustrated in Fig. 11. 


A number of other substances occur in milk in determinable 
amounts, the principal of which are adinine, guanine, urea, hy- 
poxanthine, xanthine, creatine, creatinin, uric acid, glycocol, ty- 
rosine, leucine, asparatic acid, glutamic acid, lacto-globulin, silica 
and iodine. Babcock and Russell (1897)*° found an enzyme called 
galactase that dissolves casein. It was prepared from cen- 
trifuge slime and its aqueous extracts possess proteolytic proper- 
ties to a considerable degree. It is most active in slightly alka- 
line solutions, and heat of 78° to 75° C. readily destroys it. The 
presence in milk of one or more proteolytic enzymes is now gen- 
erally accepted, although little is known of their composition. 
Fresh milk is sometimes amphoteric to litmus, that is, it changes 
red litmus paper slightly blue and blue litmus paper red. There- 
fore that indicator cannot be used in determining the acidity. 
This behavior of milk toward litmus is believed to be due to the 
phosphates in milk, as some phosphate compounds in solution act 
in a similar way. Milk is acid to phenolphthalein, and this indi- 
eator is generally used in determining its acidity. The apparent 
acidity is largely due to salts of phosphorus which undergo a re- 
adjustment in the presence of an added alkali. 

The apparent acidity of fresh milk normally varies between 
.10 per cent and .18 per cent, but in exceptional instances has been 
found as high as .24 per cent, calculated as lactic acid. 

Rice? investigated the milk of individual cows and found 
titratable acidities as high as .22%. High percentages of casein 
and solids not fat usually, but not always, accompany high ap- 
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parent acidity. Electrical conductivity and hydrogen concentra- 
tion did not differ from that of normal milk. Titration by the 
Van Slyke oxalate procedure indicated that phosphates were al- 
ways somewhat higher in this class of milk. McInerney** de- 
termined the amount of phosphates in samples of fresh milk 
from herds producing milk of high apparent acidity. In each 
instance the percentage of phosphates was high. 
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CHAPTER III 


HISTORY AND PRINCIPLES OF FAT 
AND TOTAL SOLIDS TESTS 


(A) FAT TESTS. 


The fat in milk and its products varies so widely, and milk 
and its products are so easily adulterated that the same are now 
bought and sold largely on a composition basis. Legislative en- 
actments in many countries fix minimum standards for composi- 
tion, while the value of dairy cows depends upon the fat percen- 
tage in their milk as well as upon the yield. Also difficulty has 
been experienced in attempting to determine the exact composi- 
tion of milk. For all of the above reasons, chemists devoted 
much study and labor to devising methods for accurately deter- 
mining the percentage of fat in milk and other dairy products. 
Great impetus was given to the work during the latter half of the 
19th century by the rapid growth of the dairy industry, and the 
introduction of the factory system whereby milk producers pooled 
their milk for manufacturing purposes. The large number of 
fat determinations necessary, and the system of manufacture in 
vogue, required that the method of analysis should be rapid as 
well as accurate. The increased knowledge of chemistry, and the 
establishment of many experiment stations with well equipped 
laboratories in Europe and America, made it possible for a corps 
of trained chemists to attack the problem. The need for 
accurate methods was imperative, both upon the part of 
the investigator and the dealer in dairy products. In the first 
case, inaccurate results would lead to inaccurate conclusions and 
to confusion. In the second case inaccurate results would lead 
to unsatisfactory commercial transactions and financial losses. 
As a result of these researches, a very large number of tests were 
developed. While many of the methods possessed considerable 
merit, a few were so satisfactory that the others did not come 
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into general use. The tests may be grouped under the following 
headings: 

A. Tests where chemicals are not used. 

B. Tests where chemicals are used with or without the as- 
sistance of centrifugal force. 


A. 

1. Cream Gauges. 

2. Fyjord’s Centrifugal cream test. 

3. Heeren’s pioscope. 

4, Feser’s lactoscope. 

5. The churn test. 

6. The oil churn test. 

B. 

1. Soxhlet’s method. 

2. Short’s method. 

3. Parsons’ method. 

4, Failyer and Willard’s method. 

5. Cochran’s method. 

6. Adams’ Paper coil method. 

7. The Rése-Gottlieb method. 

8. Neilson’s Kaolin method. 

9. Liebermann-Szekely’s method. 
10. Weibull’s desiccation method. 
11. Bell’s Maceration method. 

13. Richmond’s Kieselguhr method. 
12. The Storch method. - 
14. The Werner-Schmid method. 

15. The Ritthausen method. 

16. The Wanklyn method. 

17. The De Laval Lactorite. 

18. The De Laval Butyrometer. 

19. The Leffman and Beam method. 
20. The Gerber method. 


21. The Russian Babcock method. 

22. The Babcock method. 

23. Sichler’s Sin-Acid Butyrometer test. 
24. Lindstom’s Butyrometer test. 

25. The Mojonnier method. 

This bare historical summary indicates the large amount of 
work which has been done upon this problem. The list as given 
could be further subdivided, inasmuch as the methods involve 
several different chemical and physical principles. The principles 
of all the tests now in use in various parts of the world were dis- 
covered during the decade between 1880 and 1890. 


R6sE-GOTTLIEB MErHop OF 


The Babcock method, which has attained world wide fame, 
was first published in 1890. This method is so well known, and 
so fully described in several excellent books upon the subject, 
that it needs no further elaboration here. 

The Adams method was first published in 1885. This is an 
English method. It involves the extraction of the sample in a 
dry form with anhydrous ethyl ether. This method was consider- 
ably used, and upon certain dairy products it gives satisfactory 
results while upon others, particularly skim-milk and concentrated 
milk products, the results which it yields are sometimes greatly 
in error. It deserves to be classified as among the very best of 
the ether extraction methods. 

In 1888 Rose? published the method with which his name is 
now associated. Like the Adams method, the principle was based 
upon the solubility. of fats in ether. However, there was this 
fundamental difference. Adams made a dry extraction while 
Rose used a wet extraction. The operation was carried out by 
him as follows: 

About 20 grams of the milk are mixed with 2 ec. c. of ammonia, 
then 45 c. ec. of alcohol and 120 ¢. c. of a mixture of equal parts of 
ether and light petroleum are added. The mixture is shaken in a 
stoppered burette of 230 c.c. capacity. The volume of the ethe- 
real layer is read off, and 25 ¢c.c. of it is evaporated in a tared 
flask, the fat being dried by aspirating dried air through the 
flask for 10 minutes, while heating in a glycerol bath at 90° C. 
The residue is then cooled and weighed, and the percentage of fat 
is calculated. An addition of 0.015% should be made for fat re- 
maining in the aqueous layer. The method was modified by 
Gottlieb and republished in 1892. It then became generally 
known as the Roése-Gottlieb method. 

Schreib, H. (1888),? after having considerable experience with 
the Rose method, and after making special experiments with it 
on the dry residue, obtained the same amount of fat on the fourth 
day as on the first, whether the residue was preserved in paper 
as in Roése’s experiments, or in the basins in which the evapora- 
tion took place. 


Gottlieb (1892)? modified the Rose method by reducing the 
volume of milk to 10 grams and by reducing the volume of the 
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alcohol to nearly that of the milk. The amount of each ether 
used was reduced to 25 c. ec. and details of the method worked 
out and explained. He states that the method is trustworthy as 
shown by the results of many analyses made by the method, and 
by comparisons with other methods, and that it is easily and 
quickly carried out. The author made 30 analyses in one day, a 
number that should not be considered as a maximum. He further 
states that the cylinder employed for the analyses may also be 
used for estimating fat in cream, butter. and finely powdered 
cheese. 

Lang (1893)* compared the results secured with several of 
the wet extraction methods and states that they agree well. 

Weibull (1898)* shows that fat tests made by the Rése-Gottlieb 
method on separated milk and buttermilk check better where the 
samples are analyzed by different chemists than when other meth- 
ods are used and Kuhn (1898)° agrees with him. 

Popp, M. (1903)" did considerable work on the Roése-Gottlieb 
method. He gives the principle of the method and enumerates 
the precautions to be taken. He with Siegfeld (1903) found that 
the method worked well with skim-milk and whole milk. 

A series of determinations were made on whole milk and skim- 
milk letting the ether-petroleum milk solution stand 1%, 1, 2, 3 
and 6 hours. The greatest effect due to tinie of standing was 
.02% for skim-milk and .07 per cent for whole milk. Tests were 
also run using ammonia solutions of varying strengths, but there 
was no visible effect on the determination. 

The revised Rése-Gottlieb method for whole milk, skim-milk 
and buttermilk is given by Popp’ as follows: Put 10c. ¢. of milk 
in a 100 ¢. ¢. cylinder that is graduated to 14. ce. c. Add in order, 
1c. c. of ammonia of proper concentration, 10 ¢. ¢. of alcohol, 25 
e.c. of ether, 25 ¢.c. of petroleum ether. Shake after each addi- 
tion, let stand about an hour, draw off the ether-petroleum ether 
fat solution till only 1.5 ¢.c. of it remains in the cylinder. 

Using ether, wash the fat left in the pipette into the fat solu- 
tion, distill off the ether and petroleum ether and dry and weigh 
the fat as usual. Multiply the weight of fat found by 10 to give 
direct per cent. 

To simplify the method of removing the ether fat solution, 
Rohrig (1905)° devised a graduated stoppered cylinder provided 
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with a side tube and tap at the 25 ¢.c. mark. By means of this 
tap, an aliquot part of the ethereal solution may be drawn off into 
a weighed flask. The percentage of fat in butter may also be 
estimated by means of this apparatus. 

Thomsen (1905)*° carried on experiments with the Rése-Gott- 
lieb method to estimate the fat in milk when proteins were pep- 
tonized, and the milk dried into a mixture of kaolin and barium 
carbonate. He secured practically the same results with the 
method as with the Adams method. The results agree moreover 
with those obtained by the Rése-Gottlieb method on the unpep- 
tonized milk, but are lower than the results obtained in unpep- 
tonized milk by the Adams method. 

In order to determine the saponifying effect of the ammonia 
on the fat in the Rése-Gottlieb method, Burr (1905)™ experi- 
mented with emulsions of milk fat and water which, when an- 
alyzed by this process, yielded the amounts of fat originally 
weighed out, showing that no loss of fat due to possible saponifi- 
cation by the ammonia had taken place. He states that in the 
ease of milk, the risk of saponification is, moreover, still less, as a 
considerable portion of the ammonia combines with the casein. 

Gordon (1906)' used Rohrig’s modification of the Rose-Gott- 
lieb method for estimating the fat in eight samples of cream, 
twelve samples of milk and eight samples of skim-milk, and 
showed that trustworthy results may be obtained. He states that 
the proportion of ether to light petroleum ether is of importance 
and should not differ greatly from that originally recommended. 
If a mixture of 10 ¢. c. of ether with 50 c. c. of petroleum ether is 
employed, the results will be much too low. 

Barthel (1910)* gives a very thorough review of the best 
methods for determining the percentage of fat in milk. He di- 
vides the methods according to their character and application 
into main groups: scientific methods and practical methods. He 
places the Rése-Gottlieb method in the scientific group and re- 
views the work of a number of other investigators. He states 
that with whole milk the Rése-Gottlieb, and the extraction meth- 
ods give results which agree very closely, but with separated milk 
and buttermilk the former always shows higher values. The dif- 
ferences on an average, are .03 per cent for separated milk, and 
for buttermilk more, sometimes as much as 0.1 per cent. The rea- 
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son for this lies simply in the fact that in the latter cases the fat 
is in a very finely divided state, and so cannot be extracted com- 
pletely after drying on a porous material. 

Kropat (1914) applied the modification to the estimation of 
the fat in creams, butter and cheese. 

Richmond (1910)!* makes the following statement: ‘‘On the 
whole, the Gottlieb method is the best, though those due to Adams, 
Storch, Werner-Schmid, and Nell are little, if at all, inferior in 
accuracy. 

Melliere (1914)?* attempted to devise a method somewhat sim- 
ilar to the Rése-Gottlieb, and Woodman modified the method by 
reducing the amount of milk taken and the amount of reagents 
used. He also devised an apparatus for removing the ether fat 
solution. He states that all of the successful methods for deter- 
mining the fat by direct extraction from the milk itself involves 
the complete or partial solution of the casein. In the Roése-Gott- 
lieb method the casein, precipitated from the milk in very finely 
divided particles by the alcohol, is dissolved by the ammonia. The 
fat is dissolved by the ethyl ether, and the addition of petroleum 
ether is to render less soluble the milk sugar or other non-fatty 
solids which would be dissolved by ethyl ether alone. 

Balton** gives a description of the Rése-Gettlieb method and 
states in his description of the Gerber method that ‘‘it is very ad- 
vantageous to read the tubes against some standard method of fat 
analysis, such a method is the Gottlieb process.’’ 

In his excellent work on food analysis, Leach, 1913, after de- 
scribing his modification of the Babcock method for estimating 
the fat percentage in sweetened condensed milk, recommends the 
Rose-Gottlieb method when the accuracy of a gravimetric process 
is desired. It is the only test that he mentions in his directions 
for determining the percentage of fat in ice cream. 


In the United States probably the first user of the Rése-Gott- 
lieb method was the late Prof. G. E. Patrick, for many years the 
chief of the Dairy Laboratory, United States Department of Agri- 
culture, at Washington. It was largely through his efforts that 
the merits of this method were brought to the attention of the 
American chemists, and that its use became introduced in Amer- 
ican laboratories. 
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Bigelow and Fitzgerald (1915),18 chemists in the research 
laboratory of the National Canners’ Association, collaborating 
with Govers, Mojonnier and Grindrod, chemists employed in the 
laboratories of separate condensed milk companies, made a com- 
parative study of the Babcock and Beimling methods and modi- 
fications of them, and of the Rése-Gottlieb method for determin- 
ing the percentage of fat in evaporated milk. The results of 
comparative tests in each of the four laboratories are given for a 
number of samples. In their comments on the Adams method, 
Bigelow and Fitzgerald state that ‘‘the error due to the fat ex- 
tracted from the coils and thimbles is partly compensated by the 
fact that the milk fat can never be extracted completely from a 
sample prepared by drying in this manner. The extraction of 
the milk fat continues for a number of days, and is practically 
never complete, and the double method of extraction by the 
Adams method has no advantage with evaporated milk.’’ They 
found considerable difficulty in securing correct results with 
the Babcock method on evaporated milk. The trouble is attrib- 
uted to a change in the protein as a result of the heat of process- 
ing, rendering its solution more difficult, and thus preventing the 
complete separation of the fat. When used in the plant with 
evaporated milk that has not been sterilized, the results are bet- 
ter, but still are only approximate. 


In the summary of the experiment, it is stated that ‘‘the vari- 
ous modifications of the Babcock method are not sufficiently ac- 
curate to be depended upon for determining whether the evap- 
orated milk is up to standard. It is strongly advisable that the 
Rose-Gottlieb method be used for this purpose. If any of the 
modifications of the Babcock method be employed for evaporated 
milk, considerable allowance must be made for the inaccuracies 
of the method. Results obtained by any modification of the Bab- 
cock method are totally inaccurate unless the fat column is clear, 
with the meniscus at the bottom of the column perfect, and not 
distorted by either char or milky appearance.”’ 

In Table 4 there is given the fat percentages that they ob- 
tained by different methods from a few samples of evaporated 
milk, 
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TABLE 4. 
Fat Percentages Obtained by Different Methods. 


Sample Rése-Gottlieb Adams Babcock Beimling 
Number. method. method. method. method. 
707 8.16 7.68 eeusts 8.18 
708 8.03 7.50 a endits 8.03 
709 7.67 6.77 Big tt 7.67 
710 7.69 7.18 See UTS 
al SHCLs 7.16 Sr eaatte 7.69 
712 7.89 7.22 auctor 7.81 
Hats} 7.42 6.97 Siete 7.38 
802 8.62 8.30 8.60 8.69 
807 7.70 6.77 7.65 7.75 
824 8.56 7.68 8.25 8.48 
834 8.26 cored 8.15 8.07 
836 8.41 A vaters 8.35 8.48 
830 7.90 nantate ee 7.78 
837 8.07 noes 8.05 7.92 
840 8.40 eae 8.20 8.25 


\ 


In this experiment the Babcock test was modified by taking 
nine grams of evaporated milk and adding ten ¢.c. of water. The 
test was then completed in the regular way, excepting that the 
reading was taken from the extreme bottom of the fat column to 
the bottom of the upper meniscus, multiplying the reading by 2, 
and adding a constant factor of 0.15. 

The Beimling test was carried out in a Babcock milk test bot- 
tle. Nine grams of the evaporated milk were taken; 10 ¢.c. of 
water added, and thoroughly shaken. The Beimling test was 
completed in the regular way, and then read from the extreme 
bottom of the fat column to the bottom of the upper meniscus. 
The reading was multiplied by 2 and 0.25% deducted. 


The Roése-Gottlieb method as used in the experiment was car- 
ried out as follows: 


“Weigh from 4.5 to 5.0 grams evaporated or condensed milk 
into a Rése-Gottlieb tube, add water to make about 11 grams and 
add 1% to 1% c¢.c. concentrated ammonium hydroxide and thor- 
oughly mix by shaking. | 

‘Add 10 ¢. ¢. of 95% alcohol and shake thoroughly. Fill up to 
the level of the side tube with water, if necessary, and shake. Add 
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25 ¢.¢. ether and shake well for one minute. Add 25 e.e. petro- 
leum ether (B. P. below 65° C.), and shake well for one minute. 


‘‘Allow tube to stand until layers separate well. Draw off ether 
fat solution as completely as practicable, and run it through a 
small, quick acting filter into a weighed flask. (Weighed by coun- 
terpoising, if not finished the day it is started.) 

“*Re-extract liquid into tube just as before with 25 ec. ec. of each 
ether, shaking after each is added. Before the addition of the 
ether, a little aleohol may be added, and the contents of the tube 
mixed by shaking, to bring the layer of ammoniacal liquid close 
up to the outlet tube, for by repeated extractions the surface of 
separation is lowered. 

‘Run the ether solution from the second extraction through the 
filter into the flask and wash end of spigot, filter paper, and the 
lower surface of the funnel, with sulphuric ether; or better, with 
a mixture of equal parts of sulphuric ether and petroleum ether 
which has been allowed to stand for separation of-water. 

‘‘In the examination of cream, a third extraction is necessary, 
but with evaporated and condensed milk, the third extraction 
recovers only 0.02 or 0.03% fat and may be omitted. 

‘‘Hyvaporate the ether slowly on a steam bath and dry fat in 
steam oven until its weight is constant. Weigh after one hour 
and then at half-hour intervals. As soon as the fat begins to 
gain in weight, stop drying and take the next previous weight. 
Increase of weight is due to oxidation after all moisture and alco- 
hol are gone. In all cases the drying should be completed the day 
it is begun. 

‘‘Prove purity of the extracted fat by solution in petroleum 
ether. If a residue remains, filter the ether into another tared 
flask and wash flask, filter and funnel with petroleum ether. 
Evaporate, dry and weigh as.before. If the work has been prop- 
erly done, neither a third extraction nor purification of the fat is 
necessary. A blank determination should be made unless the re 
agents are known to be free from residue. This blank is small, 
being perhaps about 0.01 and 0.02% with proper reagents. 

‘“‘The petroleum ether and ethyl ether used should be distilled 
to insure their purity. Petroleum ether employed should boil 


below 65° C.’’ 
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Biesterfeld and Evenson in 1917** reported results obtained by 
the Rése-Gottlieb method upon condensed milk and milk pow- 
ders. By following the extraction in the usual alkaline medium, 
with an additional extraction in an acid medium, they recovered 
a trace of fat which they believed could not be recovered by the 
alkaline extraction alone. Their suggestion has not come into 
general use partly on account of the extra time required, and 
partly on account of the small factor of safety which the trace of 
remaining fat may provide. 

The Mojonnier modifications of the Rése-Gottlieb method are 
based both upon the process and apparatus patents applied for 
or granted to J. J. Mojonnier. The patents issued to date are 
as follows: 

Process patents April 3, 1917, and September 27, 1921. Ap- 
paratus patents February 5, 1918, April 9, 1918, June 11, 1918, 
August 5, 1919, March 16, 1920, April 6, 1920, March 21, 1921, and 
February 27, 1923. 


The improvements have made it possible to shorten the 
time greatly and also to increase largely the accuracy of the 
test. Some of the earlier methods of testing dairy products were 
rapid, but the results were inaccurate. The Rése-Gottlieb method 
as originally applied, and to a considerable, extent several of 
the earlier methods were accurate but slow. Too much time was 
required to make a test to make the methods practicable for fac- 
tory control work. The improvements invented by Mojonnier 
combine in one apparatus a means for obtaining both accuracy 
and speed. These two considerations are equally valuable when 
dealing with dairy products that are at once both valuable and 
perishable. Fig. 12 shows graphically the saving in time by 
the Mojonnier modifications, as compared with the Rése-Gottlieb 
method. 


Butter Fat Test 


GSS Mojonnier Test—30 minutes 


Official Test—3 hours...Six times as long. 


Fig. 12. Saving in Time Upon Fat Test, Mojonnier. Method. 
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THE MOJONNIER MILK TESTER. 


This is the name applied to the apparatus devised by Mojon- 
nier for applying his modifications of the Rése-Gottlieb method. 
A novel feature of the Mojonnier Tester is the fact that it com- 
bines in one equipment, methods and apparatus for making both 
fat and moisture (or total solids) tests. This dual feature is not 
found in any other apparatus upon the market. Inasmuch as the 
above two tests are the most important tests required in apprais- 
ing the value of dairy products, the ability to make rapidly both 
tests simultaneously upon the same product with the certainty of 
getting accurate results, becomes at once obvious. The develop- 
ment of the total solids test will be treated in other paragraphs of 
this chapter. 


REAGENTS TO BE USED IN THE MOJONNIER MILK FAT TEST 
AND THEIR FUNCTIONS. 

The reagents used in making fat tests upon the Mojonnier 
Tester are as follows: 

(1). Distilled water. This should be free from oil, or any 
kind of mineral residue, and as nearly chemically pure as pos- 
sible. It should be stored in glass, enameled steel, or tinned cop- 
per containers. 

(2). Ammonia. Commercial, chemically pure, testing about 
26° Baume, or .8974 specific gravity at 60° F. and containing 
about 29.40 per cent ammonia gas (NH,). 

(3). Alcohol. 95 per cent, 190° proof, .8164 specific gravity 
at 60° F. best quality grain or ethyl alcohol. Should not leave 
any residue upon evaporation. 

(4). Ethyl Ether. Best commercial quality. To contain not 
more than 4 per cent of water. Specific gravity .713 to .716 at 
25° C. Boiling point about 35° C. To leave no residue upon 
evaporation. If there is any doubt as to its purity, it should be 
re-distilled before using. It should be stored in a cool place. It 
is both inflammable and explosive, and care must be exercised in 
its handling. It should be stored in glass, glass enameled, or 
tinned steel containers. 

(5). Petroleum Ether. Best commercial quality. Specific 
gravity .638 to .660 at 25° C. Boiling point not over 120 to 140° F. 
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Should distil at not over 140° F., and leave no residue upon 
evaporation. If there is any doubt as to its purity, it should be 
re-distilled before using. It should be handled with the same 
eare and in the same manner as ethyl ether. 


RUNNING BLANKS UPON REAGENTS. 


Too much emphasis cannot be placed upon using reagents of 
the proper purity. Blank determinations using water instead of 
milk should be made frequently, as errors which can be avoided 
may otherwise creep into the work. In the case of ethyl and 
petroleum ethers evaporate 50cc. of each as directed upon page 
108. 


THE FUNCTION OF THE VARIOUS REAGENTS. 


Water. Distilled water is added to concentrated milk prod- 
ucts in the flask in order to bring the substances to the fluid con- 
dition of whole milk, and to provide a liquid to earry the solids 
not fat in solution when they are dissolved by the other reagents. 
Sometimes it is also necessary to add a little water after centrifug- 
ing the second extraction in order to bring the dividing line be- 
tween the ether fat solution and the solids not fat solution up to 
the desired point which permits all of the ether fat solution to be 


poured from the flask without removing any of the other sub- 
stances. 


Ammonia. The ammonia is added to dissolve the casein which 
is not in true solution in milk, but is present in the form of minute 
gelatinous particles evenly distributed throughout the mass. It 
also neutralizes the acidity of the product. This reduces the 
viscosity of the mixture, and permits the solvent which is added 
later to more readily dissolve the fat. The ammonia would also 
probably tend to destroy colloidal phosphorous compounds, if any 
are present, and still further reduce the viscosity. 


Alcohol. The alcohol assists in preventing the formation of 
the characteristic gelatinous mixture which occurs when ether is 
vigorously shaken with milk. It thus enables the solvent to 
come in contact with the fat globules during the shaking opera- 
tion, and also allows the ether fat solution to collect in a layer 
when all of the fat has been dissolved. 
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Ethyl Ether. Ethyl ether dissolves the fat and holds it in its 
own solution. It also dissolves a small amount of the milk sugar 
and other solids not fat which, if not corrected, would cause er- 
roneous results. 


Petroleum Ether. Petroleum ether is also a good fat solvent, 
but in this test it assists especially in throwing out from the ethy] 
ether-fat solution the last traces of water. The water holds milk 
solids not fat in solution and if any of the water is carried over 
with the ether-fat solution the other solids would be present with 
the fat when it is finally dried and weighed, thus causing results 
that would be too high. It throws out of the ethyl ether solution 
any solids not fat that may have been dissolved therein. 

Phenolphthalein is sometimes added to the extent of a drop 
or two before pouring off the ether solution. This makes a sharp 
dividing line between the ether solution and the non-fatty residue, 
but this practice is not recommended, owing to the slight solubility 
of phenolphthalein in ether which causes too high results. 


EFFECT OF USING EITHER MORE OR LESS THAN THE 
STANDARD AMOUNT OF THE VARIOUS REAGENTS. 


Table 5 gives the results obtained by varying in turn the 
various reagents used in making the fat tests. The object being 


to ascertain the effect of such variations, and the limits allowable 


without affecting the accuracy of the tests. Five sets of experi- 


ments were made, varying in turn each of the five reagents. In 


one case the regular quantity of all reagents was used. In the 


second case less than the regular amount of any one reagent was 


used, leaving the others constant. In the third case more than 
the regular amount was used, leaving the others constant. 
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A study of the results given in Table 5 proves the impor- 
tance of using the various reagents in the right proportion, 
one to the other, and in the proportions that have been found by 
experience to give the correct results upon the various dairy prod- 
ucts. The quantity of both water and alcohol used have the 
largest influence upon the accuracy of the results. Using too lit- 
tle water causes a gelatinous precipitate when the ethyl ether is 
added, and in turn this causes low results. Using too much water 
raises the dividing line in the extraction flask, and makes it im- 
possible to pour off completely the ether solution containing the 
fat, from the remainder of the reagents. Using too little alco- 
hol causes particularly a heavy jelly upon adding ethyl ether, and 
in turn causes results that are greatly in error. This emphasizes 


the importance of using only the best quality of ethyl alcohol, 


conforming to the specifications given. Using too much alcohol 
frequently causes too high results, due to raising the dividing 


_ line too much. Using too little of either ethyl or petroleum ethers 


causes too low results on account of the extraction of the fat be- 


- ing incomplete, while using too much causes a waste of reagents 


without increasing the accuracy of the test. Variation in the 
quantity of ammonia used causes less disturbance than varia- 


_ tion in the quantity of the other reagents. 
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FAT PERCENTAGES OBTAINED IN VARIOUS DAIRY PRODUCTS 
BY THE MOJONNIER METHOD COMPARED- WITH 
PERCENTAGES OBTAINED BY OTHER METHODS, 


Comparison of results by Mojonnier and Babcock’ methods 


' upon whole milk. 


_A careful experiment was made to determine the relative effi- 


| ciency of the Babcock method as applied to fresh milk with the 


Mojonnier method. The tests using the Babcock method were 
made in two different Chicago laboratories. The tests using the 
Mojonnier method were made by F. M. Bundy. The results of 
the experiments are given in Fig. 13. 


The horizontal line, which may be called the standard line, 
represents the values obtained using the Mojonnier method, The 


spots and stars represent the amount overread or underread by 
the Babcock method. 
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OVERPAID 


LABORATORY NO.1 > 
LABORATORY NOVe 


UNDERPAID 


Fig. 13. Results by Mojonnier and Babcock Methods Upon Whole Milk. 


Only the difference between the two methods is shown. All 
values above the standard line show overreading. All under the 
standard line show underreading. The stars give the values ob- 
tained by one laboratory, and the round spots those obtained 
by the second laboratory upon the same sample. The amounts 
that would have been overpaid or underpaid had the tests been 
obtained in a plant that buys its milk upon the butter fat basis 
are given both in percentages and in cents a 100 pounds, at the 
left of the table. Each one-tenth per cent is assumed to have a 
value of four cents. The differences, if any upon the same sam- 
ple as reported by the two respective laboratories, are repre- 
sented by the vertical bands connecting the stars and the round 
spots. 


The results of the experiments show plainly the wide varia- 
tion in tests obtained by the same operator, and also between 
two different operators. Out of a total of 52 samples tested, 
laboratory No. 1 reported 30 samples that tested more than .05% 
either over or under the standard line, and laboratory No. 2 upon 
the same number of tests, reported 27 samples that tested like- 
wise. Out of 104 tests, irrespective of the operator, 51.9% of the 
tests were overread and 43.3% were underread. 


Under the direction of one of the authors® in the dairy test- 
ing laboratory at Cornell University determinations were made 
by various methods of the fat content of different dairy products. 
The results are given in the tables immediately following. 
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TABLE 6. 
Fat Content of Whole Milk as Found by Three Methods; upon 14 Different 
Samples. 
Sample | Mojon- Sample | Mojon- 
Naaiiber: nier. Adams. | Babcock.|Number.| nier. Adams. | Babcock. 
1 4.22 4.17 4.30 8 5.16 5.11 5.00 
2 3.67 3.62 3.60 9 4.40 4.44 4.30 
3 3.98 3.91 4.10 10 3.40 3.34 3.40 
4 4.76 4.77 4.80 ial 4.23 4.25 4.30 
5 3.64 3.61 3.60 12 3.32 3.30 3.40 
6 4.71 4.62 4,80 13 4.78 4.71 4.80 
vd 3.87 3.86 3.90 14 4.85 4.82 5.00 


The results in the above table show a close agreement between 
the Mojonnier and the Adams methods, when applied to fresh 
milk. There is a considerable disagreement in results between 
the Babcock and the other two methods. The difference is not 
constant in one direction, as in other comparative tests reported 
in this chapter. 


TABLE 7. 


Fat Content One Sample Cream Tested Seven Times by Two Methods, and 
One Sample Evaporated Milk Tested Eight Times by Three Methods. 


Cream. Evaporated Milk. 

Mojonnier Babcock Mojonnier Adams Babcock 
method. method. method. method. method. 
Per cent. Per cent. Per cent. Per cent. Per cent. 

36.68 37.00 8.07 7.92 7.90 
36.75 37.50 8.05 7.97 8.00 
36.68 37.50 8.05 8.08 7.90 
36.69 87.25 8.11 7.93 8.20 
36.70 36.50 8.08 7.96 8.20 
36.74 37.00 8.07 8.06 8.00 
36.70 36.50 8.08 8.03 8.40 

8.07 8.00 8.20 


The above results show the close agreement by the Mojonnier 
method upon both products, and the considerable disagreement 
in results by other methods, both within themselves, and by 
comparison with the Mojonnier method. 
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TABLE 8, 


Fat Content of Skim-Milk as Found by the Mojonnier and the Babcock 
Methods. Tests Made by Prof. T. J. McInerney, Cornell Univ. 


Mojonnier Babcock 
Sample. method. test. Difference. 
Duplicate. Duplicate. Duplicate. 
i 10 — .10 05 — .05 .05 — .05 
2 ~L0!) —— 10 .06 — .06 04 — .04 
3 eal = Silil 03 — .03 08 — .08 
4 07 — .09 05 — .05 02 — .04 
5 29 — .30 26 — .26 03 — .04 
6 40 = Ave .01 — .02 .06 — .05 
us .074— .074 .04 — .04 .034— .034 
8 08 — .08 03 — .04 05 — .04 
9 ot — 27 14 — .14 10 — .13 
Average .126— .132 074— .076 .051— .056 


The above results prove that the Babcock method gives too 
low results when applied to skim-milk. The shortage in this 
experiment was found to range from .02 to .18%, or upon the 
average about .06%. 

COMPARISON OF RESULTS UPON SAME PRODUCT BY 

DIFFERENT OPERATORS, USING MOJONNIER METHOD. 

One sample of sweetened condensed milk was tested by six 
different operators using the Mojonnier method. The results 
obtained are given in the following table. 

TABLE 9. 
Fat Content Same Sample Sweetened Condensed Milk by Mojonnier Method, 


as Found by Six Different Operators, Compared with Results 
by Official Method.” 


Operator No. Where tests were made. Per cent fat found. 
1 IRECALOULCA MUL errr cesenaeKelLstere tetole 8.38 
2 Grarnvela kere Ell ey spae tous. ctvos ste ater iaaeunven 8.44 
3 BionlinaeK; WAG Ans bosmoacoadodcuce 8.38 
4 [sively WHER Eoeueopecooomonn 0c 8.38 
5 Vial LOLS sp VIS: retcrs oi oasiciateis'e) spa icooiteters 8.37 
6 Weloliiity WHEE Ss cision plo Gober Oooo 8.36 
IBumlbtatenworn, WIE so¢qnubo0 bononcote 8.3672 


The above results indicate the close agreement possible to 
obtain between different analysts. It is one of the best possible 
proofs of the accuracy of the method. 
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TABLE 10. 
Fat Content of Buttermilk by the Mojonnier and Babcock Methods 


Babcock Method, | Babcock Method, 

Regular Procedure. Modified Procedure. 
17.6 ce. buttermilk. 17.6 cc. buttermilk. 

Mojonnier Method. 17.6 ce. acid, 16” disk. 23.0 ec. acid, 16” disk. 

Centrifuged at1000R.P.M.|Centrifuged at 1500 R.P.M. 
for 5, 2 and 1 mins. for 10, 2 and 1 mins. 
Pervcentaac: Per cent. fat. Per cent fat. 
Original. |Duplicate.| Original. | Duplicate. Original. | Duplicate. 
1 528 523 sents Hoke 44 46 
2 .693 .710 12 12 41 46 
3 -661 .667 16 14 reit/ ol 
4 333 332 04 .04 .06 07 
5 .356 .350 05 .04 .09 .07 
6 .299 295 GOO eisnsis 18 f 18 
7 328 .320 .05 .05 pal 22 
8 325 322 .03 .03 .09 13 
9 A31 390 -08 .08 .20 .20 
10 .480 .440 ilies Allir( 27 27 
lat 597 -586 26 25 34 ot 
12 431 449 07 07 .30 .30 
13 432 434 12 12 20 .20 
14 AT2 475 plat! ala @ .25 25 
15 447 .451 10 -10 25 25 
16 .386 .382 -05 .06 18 .20 
IT .649 .646 27 27 


The above results indicate that the present method of apply- 
ing the Babcock test to the determination of fat in buttermilk 


is useless, as it is misleading, and it may lead to considerable 
loss. 


COMPARISON OF RESULTS BY MOJONNIER AND BABCOCK 
METHODS UPON ICE CREAM MIX. 


A number of compartive tests upon the different qualities of 
ice cream mix are given in the following table.2? 


ACCURACY OF TESTS 


TABLE 11. 


oD 


Comparison of Results by Mojonnier and Babcock Methods Upon Ice 
Cream Mix. 


Wholesale grade. All ingredients in 


Philadelphia grade. All ingredients 


mix. Ready for freezing. in mix. Ready for freezing. 
Per cent fat. Per cent fat. 
Over | Under- Over- | Under- 
read- | read- ead- E 
Bomeimorene leaps | ing {ace [oe (Mojond Babl’l ace lac, 
ple nier cock |————————— pl nier | cock oem ies eee 
No. By Babcock | No. By Babcock 
method. method. 
it 9.85 8.50 1.35 22, 14.39 | 14.00 39 
2 10.62 8.60 2.02 23 14.89 | 15.00 ial at 
3 10.09 8.40 1.69 24 16.70 | 15.50 1.25 
4 9.61 8.35 1.26 25 14.64 | 14.40 24 
5 9.65 8.40 1:25 26 15.15 | 15.40 25 
6 10.36 9.20 1.16 20 14.77 | 14.80 03 
iG 9.55 8.40 5s) 28 15.81 | 15.40 4] 
8 10.00 9.60 40 29 15.33 | 15.00 33 
i are es es Special mix. No cane sugar added. 
11 9.61 9.00 61 30 11.09 8.00 3.09 
1B 9.83 9.60 .23 31 11.80 | 10.00 1.80 
13 10.12 9.20 .92 32 12.58 9.80 2.78 
14 10.35 8.80 Hoo 33 11.92 9.60 2.32 
15 10.03 9.00 1.03 34 11.82 9.20 2.62 
16 10.02 8.80 1.22 35 11.60 8.50 3.10 
17 10.43 9.60 83 36 11,20 8.65 Das 
18 10.36 OFZ 0 ee 1.16 37 12.04 9.10 2.94 
19 LOM Ze LOO | ae o2 38 11.78 9.30 2.48 
20 9.44 9.60 | .16 oi 
21 10.09 CHAD || aac .29 


In the above mixes the milk S. N. F. was as follows: 
6.50% milk 8. N. F. 


10.00% milk S. N. F. 
18.00% milk S. N. F. 


Philadelphia grade 

Wholesale grade 

Special mix 
Inasmuch as the mix containing the lowest amount of milk 


S. N. F. shows the closest agreement, and that containing the 
most, the greatest disagreement in results by the two methods, 
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Frohring,?? concludes that this factor largely controls the 
difference. Other factors causing errors by the Babcock method 
enter into the testing of ice cream mix, as well as in the case of 
other dairy products. The results given in the table indicate 
the possibilities for serious errors when the Babcock method is 
used to test ice cream mix. 


The results reported by the Babcock method included only 
those in which the fat column was entirely clear. Nine grams of 
the ice cream mix were placed in eight per cent milk bottles. To 
this was added 9 ¢.c. of acetic acid, and the usual amount of 
sulphuric acid. All readings were made from a water bath at 
140° F. 


PROOFS OF ACCURACY OF FAT DETERMINATIONS MADE BY 
THE MOJONNIER METHOD. 


In a careful experiment”*® the fat obtained from a large num- 
ber of milk fat extractions on the Mojonnier Tester was itself 
tested for purity by the Mojonnier method. The fat was weighed 
into the extraction flask, 10 c.c. of water added and the deter- 
mination completed in the usual way. The results were as 
follows: 


Weight of fat in the sample taken.«.... .4004 
Wergeht-oftatsrecovered sae. sea- eee 4003 
Per cent of fat in the fat extracted from 

milk? products «census sae ee 99.98 


Per cent of moisture in the fat extracted 
from milk products 


These results prove that the substance extracted from milk 


products by the Mojonnier method is practically chemically pure 
milk fat. 


| In another experiment an accurately weighed amount of pure 
fat was placed in an extraction flask and extracted according to 
the procedure described above. With two extractions 99.90 per 
cent of the fat was recovered. With three extractions 99.97 
per cent was recovered. When pure fat was added to skim-milk, 
in which the fat had been previously determined for the purpose 
of making the necessary corrections, the total recovery of the 
pure fat amounted to 99.96 per cent with two extractions. 
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These results show that pure fat under the conditions given 
ean be practically completely recovered when the determina- 
tion is made by the Mojonnier method. 

For the purpose of comparison, in another experiment, two 
large samples of the product recovered from the fat column in 
Babcock test bottles were tested for fat, moisture, and total 
solids with the results given in Table 12. 


TABLE 12, 
Composition of Fat Column in Babcock Test Bottles 


Per cent of Per cent of Per cent 


Sample. moisture. Solids not fat. of fat. 
INjOw a 3.01 6.29 90.70 
NOs 85 | 3.99 95.16 


These results show, that the fat column in the Babcock test is 
not composed of pure fat. The amount of substances not fat 
present are probably offset to some extent by the fat not col- 
lected in the fat column, but no doubt variations in the amount 
of these substances in the fat column are responsible for some 
of the inaccuracies of the test. 


(B) TOTAL SOLIDS AND MOISTURE TESTS. 


The total solids test of many dairy products ranks closely in 
importance with the fat test. Among the principal reasons being 
that the percentage of total solids in pure milk varies between 
quite wide limits; the minimum percentages for total solids have 
been fixed in many cases by legislative enactments, and by muni- 
cipal and state regulations, and in the manufacture of concen- 
trated milk products. The percentage of total solids affects both 
the process and the quality of the product and the cost thereof. 

As in the ease of butter fat, a large amount of work has been 
done in the past in devising satisfactory methods for estimating 
total solids in milk and its products. The efforts have been 
directed principally in two directions, namely (1) by formulas 
based upon the butter fat test and the specific gravity, and (2) 
by various modifications of gravimetric methods. 

Babcock,?* Richmond” and Fleischman,”* all published formulas 
for calculating total solids in dairy products. These formulas 
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are all based upon knowing the specific gravity of the milk, and 
the percentage of fat present, so that these determinations have 
to be made before the percentage of total solids can be calculated. 

If the method is used in practical work, the Quevenne lac- 
tometer reading is taken, and this reading is used in the formula. 
The fat is determined by the Babcock or similar method. Work- 
ing in this way the calculations can be depended upon to give 
only a rough approximation of the true percentage of total solids 
present, particularly in the case of condensed milk products. 
The Babeock formula is favored in this country over other 
formulas. It is as follows: 


Total solids = et 1 2 


L = Quevenne lactometer reading 
F= Per cent of fat 
Problem: The Quevenne lactometer reading of a milk sample 
is 31 and the per cent of fat is 3.60. 


Total solids == + 1.2 x 3.6 = 12.07 


Another formula that gives results as dependable as the above 

especially when used on rich milk is the following: 
Soldamon fat ae as E : 

Problem: The Quevenne lactometer reading of a milk sample 
is 32 and the per cent of fat is 3.80. 
382+ 3.80 
aan 8.95%. 
8.95% + 3.80 = 12.75, % of total solids 


This subject is discussed at length by numerous authorities to 
which the reader is referred for further information. 

In the gravimetric methods the underlying principle in all 
cases is the same, but they differ from one another in many par- 
_ ticulars. In ali cases a weighed quantity of milk is dried to 
constant weight at about the temperature of boiling water, either 
with or without the use of any absorbent materials. Among the 
best known of the gravimetric methods are the Babcock asbestos 
method, the method of the Society of Public Analysts of England, 
the Adams paper coil method and Mojonnier method. 


Solids not fat = 
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Bigelow and Fitzgerald*® in their able research made a 
thorough investigation of methods for determining total solids 
in evaporated milk. They found ‘‘that the addition of sand to 
milk in drying constitutes a danger rather than a safeguard, 
and needlessly complicates the method.’’ 


The gravimetric method recommended by them for deter- 
mining total solids in evaporated milk was as follows: 


‘Weigh two grams of sample into a three-inch lead bottle cap; 
add about 5 ¢c.c. of water to dissolve the milk and distribute it 
over the bottom of the dish; heat in the water jacketed oven 
under atmospheric pressure until the sample is evaporated to 
apparent dryness. Continue heating for four hours and weigh. 
Return to the oven and heat again for two hours and weigh. If 
the two weights show a loss of more than 0.05 per cent, the 
heating is continued, with weighings at two hour intervals until 
the last two weighings do not differ by more than 0.05 per cent.’’ 


They made a comparative study of results obtained by the 
above gravimetric method, and by formula based upon the but- 
ter fat test and the specific gravity of the sample. The formula 
recommended by them to be used with both raw and evaporated 
milk was as follows: 


Per cent total solids = 1.2 x fat + (specific gravity — 1.000) 
0.25. 

They found ‘‘that with sterilized evaporated milk more ac- 
curate results were obtained on the original samples than after 
dilution. Before sterilization the product is of course, more 
fluid and the specific gravity can be determined more readily, 
and the results are somewhat more accurate than in the processed 
milk. Even in that case, however, the method of calculation 
from the specific gravity is not as accurate as the determination 
by drying, and the latter is strongly recommended.”’ 

The results reported are given in Table 13. 

J. J. Mojonnier introduced the method now known as the 
Mojonnier method in 1915. The principles underlying this 
method are covered by process patents dated April 3, 1917. It 
differs in several particulars from all other methods previously 


employed. 
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TABLE i3. 
Total Solids Found by Formula and by Gravimetric Method. Bigelow and 
Fitzgerald. 
Per cent total solids. 
Calculated from specific gravity. 
Sample 
No. ; ‘3 c 
Specific Specific Specific 
gravity gravity Mes eae gravity By 
bottle, bottle, — |asuted 1-1 spindle, drying. 
undiluted. |diluted 1—1. ‘| undiluted. 
802 26.64 26.29 26.44 26.83 26.68 
807 26.46 Stake 26.28 SOOO 26.54 
824 26.87 26.28 26.84 26.83 26.81 
834 26.76 26.27 26.47 26.56 26.50 
836 24.77 24.49 24.89 24.71 25.05 
837 26.88 26.60 26.84 27.29 27.13 
840 28.70 28.32 28.68 28.89 28.59 


The patented apparatus designed to carry out the method is 
all embodied in the Mojonnier Tester, already described. The 
two main advantages of the Mojonnier method are the great sav- 
ing in time possible to effect, and the increased accuracy of the re- 
sults obtained. The saving in time over the-official method is 
illustrated by Fig. 14. 


Total Solids Test 


Gs Mojonnier Test—25 minutes. 


Long Drying Test—7 hours. Seventeen times as long. 


Fig. 14. Saving in Time Upon Total Solids Test. 


PROOF OF ACCURACY OF THE MOJONNIER TOTAL SOLIDS TEST. 
A series of ten total solids determinations upon the same sam- 
ple of evaporated milk were made by J. J. Mojonnier upon April 
7, 1915, with the following results: 29.95, 25.91, 25.95, 25.97, 
25.98, 25.91, 25.97, 25.92, 25.93 and 25.99. 
These results show marked agreement in the entire series. 


Through the courtesy of the National Dairy Co., Toledo, Ohio, 
we report the results given in Table 14, being the tests obtained 
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upon samples of milk from the same batches by their operators 
of the Mojonnier Tester, and by the operator in the central 
laboratory at Chicago, also using the Mojonnier Tester. 


TABLE 14. 
Total Solids Test Upon Evaporated Milk by Two Operators. 


Sample | Sample | Sample | Sample 


NOES WIRE No.25 | No.36 | No.59 | No.82 
National Dairy Co., Morenci, Mich....| 26.66 26.19 26.30 | 26.41 
Mojonnier Bros. Co., Chicago,  IIl.; 

MESSE lnucya Wein. weenie. fee 26.57 26.24 26.29 26.40 


The ability of different operators to obtain practically dupli- 
cate results upon the same samples of evaporated milk is one of 
the best proofs of the accuracy of the method. 

We are also indebted to the Wisconsin Condensed Milk Co. for 
comparative tests upon sweetened condensed milk samples all 
from the same batch, tested by different operators using the 
Mojonnier Tester, in comparison with test by the official method. 
The results are reported in Table 15. 


TABLE 15. 
Total Solids Tests Upon Sweetened Condensed Milk by Several Operators. 


Per cent total solids 


Setar Where tests were made. found sweetened con- 
a densed milk. 
1 Recatonica ill merece hele ss orecker eet 73.27 
2 Grav slakerslilie errr rire siti ceckke ee 73.41 
3 BUEN CON WASme erectile eater 73.41 
4 ISyTOD bAYeAaS With tania Gera ae ODO OOS 73.50 
5 \WENG Gidsy \WSisleis eolon ro noe donc Of OOO 73.50 
6 Niald ers VWilSienc oe ce etemrn atecantceamere tere 73.31 
Mr. Titus’ 
official test. |Burlington, Wis..............-.006- 73.53 


Considering that sweetened condensed milk is probably the 
most difficult dairy product to test successfully for total solids, 
the results reported show a close agreement with those obtained 
by the long official methods. 
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In a recent investigation® covering extensive experiments on 
the accuracy of the Mojonnier Tester for determining the per- 
centage of total solids and fat in various dairy products, Lampitt, 
Hughes and Bogod obtained results of which those given in Tables 
15A and 15B respectively are typical. 


TABLE 15A. 
Duplicate Determinations of Total Solids in Various Dairy Products by the 
Mojonnier Tester. 


Sample 1 Sample 2 Sample 3 Sample 4 
Per Per Per Per Per Per | Per Per 
Cent. | Cent. | Cent. | Cent. | Cent. | Cent. | Cent. | Cent. 
MGI esc susp co cseen oll LOO POE Tal exo) nl Se) Peal 1 eS Te SX0) IP Sie} 
Greamws cece ee 55.65} 55.61) 39.52) 39.60) 54.45) 54.45) 54.84] 54.79 
Butter..............| 84.46] 84.47| 84.31) 84.28) 85.78) 85.80) 84.46) 84.51 
Milk powder........| 97.82] 97.80] 97.75] 97.70} 98.22) 98.24! 98.02) 97.99 
Ice Cream..........| 88.06] 38.03] 34.59] 34.63] 34.51) 34.53) 34.95) 34.95 
Cheese.............| 65.77| 65.70) 48.26) 48.22) 72.65) 72271) 76.80) 76. 72 
Unsweetened Con- 
densed Milk...... 25.64] 25.69] 37.73) 37.65) 30.94) 31.00) 39.81] 39.80 
Sweetened Condensed 
WGN esa 5noccoo al CWotUlh 7A) TRO TE.eyl Misseelrl| TAS.) 72.80) 7 Ge 
TABLE 15B. : 
Accuracy of Butter Fat Recovery by the Mojonnier Tester. 
Butter Fat Taken Butter Fat Found 

Grams Grams 

ONI:3 6 2igtat 06.15 Sree aaa ee ae eer en 0.1362 

OSLO Obey ae tpo cscs sect ea Mesa eee eae 0.2097 

LEB YO Kini et neta SEE ent aa aaa 1 Bra aretaishiond 0.3465 

QoL ee naman ker Diaconate cera eee eC ene 0.5188 

ODO S85 eee aco sepett tech ece tenner eer 0.5641 


The principal conclusions drawn from their investigations 
are as follows: 

(1) The total solids of milk products can be estimated rapidly 
and with consistent results by means of the Mojonnier Tester. 
A single estimation can be made in 21 minutes: in duplicate in 
30 minutes. 

(2) The Mojonnier modification of the Rése-Gottlieb method 
for the estimation of fat has been shown to give accurate results. 


In the case of spray process milk powder, three extractions 
are recommended. 
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(3) The time required for one estimation is 30 minutes. 
Both fat and total solids can be estimated in 35 minutes. 
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CHAPTER IV 
ASSEMBLING THE MOJONNIER MILK TESTER 


The Mojonnier Milk Tester is a machine invented especially 
. for the purpose of quickly determining, with the greatest chem- 
- jeal accuracy, the percentages of fat and solids in all dairy 
products. 


The Mojonnier Milk Tester is supplied in three models. Model 
A is electrically operated with rheostatic heat control throughout. 
Model D is electrically operated, with rheostatie heat control upon 
the two outside hot plates, and with thermostatic heat control 
upon the two ovens. This insures uniform temperature upon both 
ovens, regardless of any fluctuations in the voltage. Model G is 
steam operated. The three models are illustrated under Figures 
15, 16 and 17, respectively. 


Fig. 15. Model A Mojonnier Milk Tester, Electrically operated. RBheostatic 
heat control. 
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MopeEts 


Pig. 16 Model D Mojonnier Milk Tester. 


Electrically operated. 


static heat control upon the two ovens. 


Fig. 17. Model G@ Mojonnier Milk Tester. 
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Thermo- 


Steam operated throughout. 
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SETTING UP THE MOJONNIER MILK TESTER. 


In assembling and locating the Mojonnier Milk Tester in the 
plant, follow instructions closely. The illustration Fig. 18 will 
assist in properly setting up the Tester. The tester must be 
placed in a room with a good solid floor, in order to prevent vibra- 
tion of the chemical balance. Choose a corner space preferably, 
or a straight wall. The air in the room should be fairly dry and 
the temperature between day and night should not vary widely. 

G. e5e sls 25 170. 73 13624 


Ve) 


22 
20 


BS) NI 16 29 14 IS 19 18 24 
Fig. 18. The Mojonnier Milk Tester. Model A. 


(1.) All tests for fat are made upon this side, which is called 
the fat side. 


(2.) All tests for total solids are made upon this side, which 
is called the solids side. 

(3.) Butter fat extraction flasks in centrifuge baskets. 

(4.) Hight 34” diameter aluminum dishes for fat tests. These 
are the larger dishes furnished with the Tester. The one tall 


counterpoise counterbalances each dish. Fat ‘dishes have no 
covers. 
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(5.) Hight 3” aluminum dishes for solids tests. These are 
the smaller dishes furnished with the Tester. The one short 
counterpoise counterbalances each dish. Cover prevents absorp- 
tion of moisture from the air during weighing. Counterpoise 
balances both dish and cover. 

(6.) Fat vacuum oven. The temperature in this oven is main- 
tained at 135 deg. C. Thermometer (10) extends into vacuum 
oven and sets in the mercury well, which in turn rests upon the 
hot plate. About once a month the mercury well should be re- 
filled with mercury. Be careful to see that the well always forms 
good contact with hot plate. Regulate temperature by rheo- 
Stat (lo). 

(7.) Cooling chamber. Water at room temperature from the 
tank in bottom part of the fat side is pumped by means of cir- 
culating pump in power unit (20) through the flat hollow sheet 
brass plate inside the cooling chambers, and from there into pipe 
back of the Tester, then back into tank. Operator must watch 
outlet on cooling chamber, and see that water is flowing at all 
times while the motor is running. If water is not running, you 
may know that the water in the storage tank is low, or that the 
water circulating pump is out of repair. Keep the tank filled at 
all times. In winter to prevent freezing, put one gallon of de- 
natured alcohol into the tank. Also when filling tank, put in one- 
half gallon soluble oil furnished with the Tester. This will assist 
greatly in keeping the circulating pump in repair. 

(8.) Solids oven. Maintained at 100° C. Regulate tem- 
perature by means of the rheostat (16). Follow instructions in 
(6) above closely for method of placing thermometer. Keep joints 
at door clean, and grease the sliding surfaces with vaseline. This 
prevents rusting of the ground surfaces, and insures a more per- 
fect vacuum. 

(9 and 10.) These are the 250° C. thermometers furnished for 
the solids and fat ovens respectively. Two sizes of gum tubing 
are furnished, for fastening the thermometers to the ovens. No 
other quality of tubing should be used, and if necessary, the tub- 
ing should be wired to the thermometer and to the oven connec- 


tion. 
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(11.) The vacuum gauge is on the main suction line from 
the vacuum pump. This registers the vacuum upon either oven, 
or upon both ovens simultaneously. 

(12.) Outside solids plate. Maintained at 180° C. The ther- 
mometer can be placed in the nickel plated mercury well that 
rests directly upon the heating plate. See that this side is level, 
so that the solids may dry evenly upon the bottom of the dish. 

(13.) Outside fat plate. Maintained at 135° C. During the 
evaporation of ether from the dishes, the temperature falls. The 
temperature may be kept at 150° C. at the start, and the dishes 
placed only half way upon the plate. As the plate cools, the 
dishes may be pushed over until they are entirely upon the hot 
plate. 

(14.) Rheostat for outside fat plate. Turning rheostat han- 
dle forward increases the temperature. Turning handle back- 
ward decreases the temperature. It is important to see that the 
lever on handle makes good contact with the separate buttons, and 
not with two buttons at a time. As soon as the right button has 
been found that maintains a constant temperature, mark this 
point upon the white plate. When starting up the Tester, the 
handle may be turned on full, and then when the temperature is 
up to within ten degrees of the right point, the handle may be 
turned back to the previously marked button: The same instruc- 
tions apply for all rheostats. 

(15.) Rheostats for the fat oven. 

(16.) Rheostats for the solids oven. 

(17.) Rheostat for the outside solids plate. 

(18.) Handle for the centrifuge. 

(19.) In ease the operator forgets the temperature and time 
for treating the samples at the various points, the same may be 
noted below each snap switch for each hot plate. 

(20.) The power unit consists of a high vacuum pump, a 
water circulating pump, and a suction fan, all driven by a single 
motor, The vacuum pump must be submerged in oil furnished 
with the Tester. The pump chamber should be filled with oil up 
to mark upon the air cock. 


(21.) Automatic burettes. The cans holding the water, am- 
monia, alcohol, ethy] ether and petroleum ether are placed in this 
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order. This is the order in which these reagents are added to the 
flasks containing the weighed sample of milk. The water and 
ammonia bottles are graduated to .50 ¢.c. divisions. The alcohol, 
ethyl ether and petroleum ether burettes are graduated to 5.0 c.c. 
divisions. 

(22.) Place this hood over the fat dishes when evaporating 
off the ether, so that the suction fan may draw ether fumes out- 
side of the building. 

(23.) Fasten these legs to the floor with lag screws. 

(24.) This side need not be fastened to floor. In case it is 
necessary to take out power unit, it is necessary only to disconnect 
connections in the rear of the machine, and move this part of the 
machine forward. 

(25.) The balance is the heart of the machine. Operator must 
keep it level, clean and handle it carefully. Raising and lower- 
ing knife edges must be done gradually and with care. Make it 
a habit to clean the balance daily. The weights must be kept 
clean, and as soon as you notice that some of the smaller weights 
are wearing out, order new ones. 

(26.) This cock releases the vacuum upon the oven when 
cock (27) is closed. It must be kept closed when the vacuum is 
being maintained in the oven. 

(27.) This cock connects the vacuum oven upon the solids 
side with the main vacuum line leading to the vacuum pump. The 
set of cocks at the left is for the control of the vacuum to the fat 
oven. 

(28.) In top of fat plate holder there is a hole communicating 
with the suction fan upon the power unit. When the exhaust 
pipe connecting with the suction fan is run out of the laboratory, 
and the hood is over the dishes, all fumes of ether will be ex: 
hausted from the room. 

(29.) Serew stool to floor. 

(30.) A wash stand for washing all glassware should be pro- 
vided. This should be properly designed and conveniently lo- 
cated, and supplied with both hot and cold water. 

In Fig. 19 is given a phantom view of the fat side of the Mo- 
jonnier Milk Tester which aids in a further understanding of the 
function and the arrangement of the various parts. The power 
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unit, water tank, centrifuge with head, baskets and extraction 
flasks, and the device for exhausting the ether vapors are espe- 


cially pointed out. 


Fig. 19. Phantom view fat side Mojonnier Milk Tester. 


Table 16. Dimensions and other engineering specifications covering the 
Mojonnier Milk Tester. 
Teh dee 
Floor Height | Height |Shipping} Consumed Size of 
Type Space Table | Over all} Weight ; Wire 
Top Min. | Max Required 
Model D—-For both fat and 
solids with thermostatic 
Control... vesesutinseeoe 56 x 82in.| 365 in. 68 in. |1,500lbs.} 14% 3 12 
Model A—For fat and solids 
with rheostatic control ....] 48x 82in. | 35 in. 68 in. j1,300]lbs.) 14% 3 12 
Model G—For fat and solids Pipe | 
# with steam control... -|66 x 82in.| 35 in. 68 in. |1,400lbs.|} 1% 3 | Inlet 4 in 
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CHAPTER V 


THE OPERATION OF THE MOJONNIER 
| MILK TESTER 


In the Mojonnier Milk Tester, there are several operations 
that remain the same regardless of the product that is being 
tested. The operator should become familiar with every detail 
covering the construction, care and use of the machine. 

General Care of the Tester. Keep the Tester clean and free 
from the accumulation of unnecessary materials at all times. It 
is impossible to do accurate work if the apparatus is not in the’ 
best of condition. All japanned parts can be cleaned either with 


engine oil, applied by a clean cloth, or by washing with good soap 
and water. 


THE POWER UNIT AND THE WATER CIRCULATING UNIT. 


Keep the water tank well filled with water. Add about one 
quart light machine oil to the water in the tank to keep the water 
pump well lubricated. If the Tester is located in a cold room in 


winter, add one gallon denatured alcohol to the tank to prevent 
freezing. 


Keep the vacuum pump chamber properly filled with the right 
kind of oil. The oil should just about reach the top of the pis- 
tons, as indicated by the gauge glass upon the side, or cock upon 
the end, in the earlier models. 

Give the motor proper care. It should receive the same atten- 
tion as is required by any motor, that is, it is to be kept cleaned, 
and well lubricated. 

Should any knocks develop upon the power unit, remedy the 
same immediately. The construction is very simple, and with a 


little study the care and operation of the power unit can be readily 
learned. 
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THE VACUUM OVENS AND COOLERS. 


Keep sufficient mercury in the mercury well to insure good 
contact between the thermometer and the mercury well. The 
mercury well should rest directly upon the hot plate, otherwise 
incorrect temperature will be indicated by the thermometer. If 
mercury is spilled upon the hot plates, remove it at once. Do not 
permit mercury to come in contact with aluminum dishes as this 
may spoil the test. Keep the ground joint between the lid and 
the oven thoroughly cleaned. In case that it is diificult to get the 
proper amount of vacuum, look first to this place for trouble. 
Sometimes it may be necessary to use a small amount of vaseline, 
but as a rule the best results are obtained by keeping the ground 
joints thoroughly clean, using just enough vaseline to provide the 
proper lubrication and to prevent rusting. Be sure that the ther- 
mometer opening, and the openings upon the bottom of the oven 
are thoroughly sealed. It may be necessary to replace the rub- 
ber tubing at these points in case that leakage develops. Be sure 
to see that the cooling dessicators are kept from freezing tempera- 
tures. If the water in the cooling plates should freeze, it would 
ruin the plates. Watch the water coming out of the coolers, in 
order to be sure that the circulation is correct. 


Turning on the Current and Adjusting Temperatures. It is 
important that the wires connecting with the Tester should be of 
size specified ; namely, No. 12 copper wire. The Tester is provided 
with a main control switch. Turn on the current to heat the out- 
side hot plates and the vacuum oven plates, by means of the snap 
switches. These are properly marked for the guidance of the 
operator. This should be done far enough in advance so that the 
plates and ovens will be heated to the proper temperature, when 
they are needed. The temperatures upon the outside plates in all 
electrically operated models, and in the vacuum ovens upon Model 
A, may be closely regulated by means of the rheostats. If the 
voltage is constant, the temperature will remain very near to the 
point desired for a long period of time after the rheostats have 
been properly adjusted. Ascertain by the tests just where it is 
necessary to hold the lever upon the rheostat in order to get the 
required temperature. After this point is once ascertained, the 
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lever can be set at the point required, and the temperature al- 
lowed to come up automatically when starting in the morning. 

In the case of Model D the temperature in the two vacuum 
ovens is controlled by thermostats. The method of wiring recom- 
mended is indicated upon Fig. 21. The mercury thermostat rest- 
ing in the mercury well is calibrated at the required temperature, 
and it must be properly connected. 


won LIGHT REO LigHT 


HEATER. 


THERNCSTAT. 


GENERATOR 


Fig. 21. Wiring Diagrams for Thermostatic Control Medel D Mojonnier Tester. 
A For Direct Current. B For Alternating Current. 


Care and Use of the Balance. Keep all parts of the balance 
and case free from dust. A cover placed over the balance at 
night serves a very useful purpose. Dust the balance including 
the pans and weights, using a camel’s hair brush for this purpose. 
Level and adjust the balance so that the pointer will oscillate an 
equal number of divisions upon each side of zero upon the pointer 
seale. If the pointer swings too far to the right, turn the adjust- 
ing screw upon the beam to the right. If it swings too far to the 
left, turn the adjusting screw to the left. 


Two types of balances are in principal use: namely, the old 
type with graduated beam and rider, as illustrated under Fig. 22, 
and the new type called ‘‘Chainomatic’’ with the chain and ver- 
nier, as illustrated under Fig. 23. The care to give to either type 
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of balance is the same. The difference is in the method of balanc- 
ing the object to be weighed, and of reading the weight. These 
points will be discussed separately. 


A balance is a delicate instrument, and care needs to be exer- 
cised in its use at all times. The weights likewise require careful 
handling. Lack of care in the weighing operations may lead to 
entirely erroneous results, and thus defeat the object aimed at: 
namely, the accuracy of the tests. 


Fig. 22. Analytical Balance. 
Courtesy of Schaar & Co. 


The balance is enclosed in a glass case to shield it from dust, 
air currents and moisture. Perhaps the largest factor affecting 
accuracy in weighing, granting other conditions to be right, is 
temperature. If the vessel or object to be weighed is of a lower 
temperature than the balance case, it will weigh apparently more 
than its actual weight. If of a higher temperature than the. bal- 
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Pig. 23. Analytical Chainomatic Balance. 
(Courtesy of Christian Becker Co.) 


ance case, it will weigh apparently less than its actual weight. The 
object should, therefore, be as closely as possible of the same 
temperature as that of the air in the balance case. The water 
cooled desiccator used upon the Mojonnier Tester has been de- 
signed primarily to facilitate the equalizing of the temperature 
between the dishes to be weighed and the balance case. See, there- 
fore, that the temperature of the water in the circulating system 
is as nearly as possible the same as the temperature in the balance 
case. 

The weights should be kept clean, and checked frequently 
either against each other, or against other standard weights. 
Promptly replace any weights that may be off the standard, or 
apply the necessary correction. 


CHAINOMATIC BALANCE 77 


When necessary to clean the chain, carefully detach it from 
the balance. Lay it out straight on a piece of velvet and brush 
it with a camel’s hair brush. Then return it to its proper place 
on the balance. A small beaker partly filled with sulphuric acid 
should be kept in one corner of the balance case. Replace the 
sulphuric acid when it becomes saturated with moisture, and be 
very careful never to allow the beaker to overflow. 

Protect the balance against vibration, and see that it is in 
exact level. The air bubble in the spirit level should be in the 
exact center. This can be readily accomplished by means of the 
leveling screws under the balance case. 

The balance should be in exact equilibrium at all times. That 
is, the pointer should oscillate an equal number of divisions upon 
each side of zero upon the pointer scale. If the pointer swings 
too far to the right, turn the adjusting screw upon the beam to 
the right. If it swings too far to the left, turn the adjusting 
screw to the left. 

Place object to be weighed upon the left hand pan, and the 
weights or counterpoises upon the right hand pan. Handle the 
weights with the forceps only, using the right hand. Use the left 
hand to release the beam from the support, and to raise or lower 
the balance door. The weights should be placed upon the pan in 
a systematic order, beginning with a weight that is judged to be 
somewhat too heavy. Lower weights are then tried in succession 
in a systematic order until equilibrium results. 

Upon the old style balance, adjustments under 5 and 10 milli- 
grams (depending upon the construction of the balance) are made 
by means of the rider. Keep the balance door closed while the 
final adjustment is being made. Determine the relation between 
the divisions upon the rider beam, and the pointer scale. This 
relation varies with different balances, but when once ascertained 
upon a given balance, it remains a constant value, and if applied 
in making a weighing, a great deal of time can be saved. For 
example, if the pointer oscillates six divisions to the right of zero, 
and four divisions to the left, with a balance having a relation of 
0002. gram to one division upon the pointer scale, the rider is 
moved .0004 gram to the right to bring the balance into equilib- 


rium. 
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Upon the Chainomatic Balance, adjustments under .0500 gram 
are made by means of the screw and vernier. Determine the rela- 
tion between the divisions upon the vernier, and the pointer scale. 
If the pointer swings too far to the right, lower the slide,—if too 
far to the left, raise the slide. About .0003 gram upon the vernier 
usually equals one division upon the pointer scale. 

Exercise great care in recording the weights. A double check 
should be made by reading both the weights upon the balance 
pan, and the weights that are missing from the set. The weights 
should be placed upon a paper near the front of the balance case, 
with the values of the weights marked upon the place where the 
respective weights are kept. Remember that one misread weight 
will spoil an entire test. Upon the Chainomatice Balance read 
weights as follows: 

(a.) Sum of all grams weights equals whole number. 

(b.) Sum of 100 or multiple of 100 milligrams equals first 
decimal. 

(c.) Sum of 10 or multiple of 10 milligrams equals second 
decimal. Out of a possible total of 100 milligrams, 50 milligrams 
are obtained from the fractional weight, and 50 milligrams from 
the vernier beam. 

(d.) The third decimal is obtained from, the vernier beam. 
Read the value of the line just above the small 0 upon the slide. 

(e.) The fourth decimal is the value upon the slide that is in 
the exact line with any given line upon the vernier beam. 


THE IMPORTANCE OF SHORT BALANCE SWINGS. 


Much time can be saved by following the proper practice at 
each step of the weighing operation. Long balance swings con- 
sume more time; cannot be read so accurately, and the final result 
is usually not as dependable as when short swings are used. 
Wells* made a careful study of the relative merits of long and 
short swings, and concludes in favor of the short swings. The 
best practice is to permit the pointer to swing between 4 and 6 
points upon either side of the zero line. If the swings are much 
shorter than this, the error due to the width of the pointer may 
become considerable. Two complete oscillations only: are neces: 
sary—the second being a check upon the first one. Every preééau! 
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tion should be taken to speed up the weighing in order that this 
may not affect the accuracy of the results. 


THE INFLUENCE OF TEMPERATURE UPON THE WEIGHING 
RESULTS. 

The temperature factor is too often disregarded. J. J. Mojon- 
nier weighed three aluminum dishes, size about 3” in diameter by 
1” high at various temperatures. The results obtained are given 
in the following table: 


TABLE 17. 
Influence of Temperature Upon the Weight of Aluminum Dishes. 
Dish Balance | Wt. Dish at | Wt. Dish at | Wt. Dish at | Wt. Dish at 
Number. |Temperature) 32° F. 63° F. 68° F. 92° F. 
4 68 10.0200 10.0126 10.0108 10.0000 
3 68 10.0110 10.0043 10.0028 9.9915 
2 68 10.0128 10.0029 10.0012 9.9900 


This subject was further carefully studied by one of the 
authors at Cornell University.” 
The results of the experiments performed are given in 


Table 18. 


TABLE 18. 
Influence of Temperature Upon Analytical Weights of Various Objects. 
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The results given in both of the preceding tables prove the 
importance of maintaining uniform temperatures between con- 
tainer and balance when weighing both the empty container and 
in turn the container, after the substance to be weighed has been 
added to it. The colder the object being weighed, the greater 
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will be the weight thereof, and vice versa, the warmer the object, 
the smaller the weight thereof if the balance temperature remains 
constant. These facts, if not properly reckoned with, may cause 
large errors in results. With care, the same can be kept under 
close control. 

The principal causes of the above variations are: (a) The in- 
fluence of air currents set in motion because of the higher tem- 
perature of the object being weighed. (b) The displacement of 
air in the container, due to its expansion at the higher tempera- 
tures. In the experiment with the separatory funnel the loss in 
weight from this cause was about 4.6 times greater than the loss 
due to the air currents. (c) Other possible causes include the re- 
cording of incorrect weights; slight differences in the length of 
the scale beam; changes in barometric pressure; changes in the 
temperature of the air in the balance between the weighings, and 
invisible moisture films upon the surface of the container. 

How to Heat the Fat and Solids Dishes Before Weighing. Give 
the fat and solids dishes the same treatment before weighing them 
empty, that is given to them before the final weighing in com- 
pleting a determination when they contain the extracted fat or 
the solids from the test. Place the clean fat dishes in the vacuum 
oven at a temperature of 135° C. Turn on the vacuum and leave 
them in the vacuum oven for 5 minutes. Transfer them to the 
cooling desiccator, and with the pump still running, leave them 
therein for 7 minutes before weighing. Be certain that the water 
is circulating through the plate in the cooling desiccator. Place 
the clean solids dishes in the solids ovens at 100° C. Turn on the 
vacuum, and leave them in the vacuum oven with the vacuum on 
for 5 minutes. Transfer them to, and hold them in the cooling des- 
iccator for 5 minutes while the water circulating pump is running. 

Do not weigh either the fat or the solids dishes far in advance 
of the time that the same may be required. The principle to keep 
in mind is the necessity of having the air in the balance ease, 
the dish and air in it, all at exactly the same temperature when 
the dish is weighed. 

How to Weigh the Fat and Solids Dishes. After the dishes 
have remained in the respective cooling desiccator for the proper 
time, they should be promptly transferred to the balance pan and 
weighed accurately to .0001 gram, using the proper counterpoise. 
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Record the weight and number of each dish in its respective place 
on the laboratory report sheet. Use cover upon solids dish. No 
cover is to be used with the fat dish. Return the dishes to the 
cooling chamber, until needed for the test. 

How to Clean the Dishes and the Glassware. The solids dishes 
should be soaked in water after the test has been completed, and 
the solids then removed by hand, or by means of a brush suited 
to the purpose. They should then be thoroughly washed and 
dried, and placed in the vacuum oven until required for further 
use. Avoid the use of washing powders and alkalies for cleaning 
aluminum. The fat dishes should be treated with steam or very 
hot water until all traces of fat are removed, or they should be 
treated with a small quantity of gasoline until the fat is all dis- 
solved, and this treatment repeated for a second time. Finally, 
the dishes are to be cleaned with a dry cloth, and placed in the 
vacuum oven until needed. 


All glassware should be washed either immediately after being 
used, or it should be placed in water until washed. Extraction 
flasks should be thoroughly washed with tap water, and then 
washed out with distilled water. If flasks become dirty, wash 
with washing powder and shot, or use washing powder with a 
brush specially designed for this flask. Clean pipettes with brush 
and water. Use washing powder, if necessary. Rinse successively 
with water, alcohol and ether, and then dry by holding at exhaust 
cock leading to the vacuum oven, or place upon the pipette holder 
between fat oven and cooler. 
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SAMPLING DAIRY PRODUCTS 


When samples of milk, or any of its products, are taken for 
the purpose of examination or analysis, great care must be exer- 
cised in order to have the samples truly represent the average 
composition of the substance. In ordinary liquid dairy products, 
the fat globules rise toward the surface and form a layer of cream 
whenever the substances remain at rest. Other small particles of 
undissolved substance settle to the bottom. Many of the bacteria 
may be carried in either direction. For these reasons the product 
must be mixed until the different constituents are evenly distrib- 
uted throughout the entire mass. Then the sample must be taken 
immediately. 


ACCESSORIES REQUIRED FOR SAMPLING DAIRY PRODUCTS. 


To insure proper sampling it is necessary to use the proper 
tools. The following figures illustrate the apparatus recommended 
for properly sampling various dairy products. 

Fig. 24. Mojonnier Composite Sample Bottle, 
recommended for collecting and holding either com- 
posite samples, or any other samples to be tested. 
The advantages of this bottle are as follows: 

1. The pure Para rubber stopper fits the mouth 
of the bottle tightly and prevents evaporation, and 
in consequence overreading of butter fat content. 

2. No danger of dropping, misplacing or break- 
ing stopper. 

3. The non-rust chain and copper ring always 
keep the stopper accessible for quick restoppering. 

4. Can be quickly opened with thumb of hand holding bottle, 
leaving other hand free for pouring in sample of milk. 

5. Sample cau be thoroughly shaken and mixed in the bottle 
without danger of loss. 


Fig. 24. 
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Fig. 25. Fig. 26. Fig. 27. Fig. 27a. Fig. 28. 


Fig. 25 illustrates milk thief. This is reeommended for sam- 
pling fluid milk only, principally at the weigh can. If properly 
used it makes it possible to obtain composite samples that are 
representative of the entire lot of milk from which the samples 
were taken. 

Fig. 26 illustrates a small milk dipper, such as is frequently 
used for taking samples at the weigh can. Inasmuch as it holds a 
constant volume, it will not give representative composite samples 
unless the lots of milk are all of uniform weight. 

Figs. 27 and 27a illustrate the McKay and Scoville samplers re- 
spectively. These are extensively used for sampling both fluid 
milk and cream. 

Fig. 28 illustrates a common type of sampler for butter. 


° “Bie. 29 illustrates a satisfactory sampler for cheese. 
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SAMPLING FLUID MILK. 


' Fresh milk or milk only a few hours old may be readily mixed 
by pouring it from one vessel to another a few times or by stirring 
it with a dipper or similar instrument having a handle sufficiently 
long to reach down to the bottom of the container. When the 
cream on the milk has dried until it is flaky or lumpy and part 
of it has become attached to the sides of the container, it may be 
softened by warming it to 95° F. or 100° F. before mixing. Frozen 
milk must be thawed to permit proper mixing before sampling. 
When the fat has separated so that it floats in small granules or 
in lumps on the surface of milk, it cannot be restored to its orig- 
inal finely divided condition without warming the milk and pass- 
ing it through a homogenizer or viscolizer. The fat that separates 
is lost in ordinary methods of sampling, but it rarely separates in 
cold milk that is free from acid. Therefore, it is to the advan- 
tage of milk producers selling on the fat test to keep their milk 
in good condition so that no fat will separate before the milk is 
tested. 


When sampling milk or its products for the purpose of stand- 
ardization, the method to use in collecting the composite sample 
must be determined by the conditions prevailing at each separate 
plant. In many eases, it may not be necessary to know the exact 
test of the milk, as the batch very frequently may be handled 
upon the basis of the results of the previous day, or by working 
with the finished product only, in which cases the composite sam- 
ple can be dispensed with. Three methods of sampling for the 
purpose of standardizing whole milk are available, as follows: 


(1.) At the weigh can. By taking out with a ‘‘milk thief’’ 
or other similar sampler, a proportional part of the milk from 
each weighing, just before letting out the milk. This method is 
likely to be very inaccurate whenever the milk is partly churned 
or partly frozen, or whenever the milk is improperly mixed in the 
weigh can. It has the further objection that it requires, as a rule, 
an extra man to collect the samples, which, of course, increases 
the operating expense to that extent. 


(2.) In the holding tank, after the milk has been thoroughly 
stirred. This is the ideal method, but it is seldom possible for a 


SAMPLING CREAM 85 


plant to collect all the milk in one tank before starting the several 
standardizing operations. 

(3.) By means of a drip sample. The sample to be collected 
from the pipe leading out of the weigh can, or at some suitable 
place upon the pipe line. When possible to apply this method, it 
is probably the simplest and best method of all. However, care 
must be taken to see that the drip operates properly, and that it 
does not get clogged up. Also the sample must be properly pro- 
tected against evaporation and spoilage, since the sample may be 
_.__ collecting over a considerable period of 

= time. A suggested method for collecting 
a drip sample is illustrated under Fig. 30. 


ait SAMPLING CREAM. 
| : | The methods employed in sampling 
| | cream are similar in principle to those 
| used in sampling milk. As cream is more 
| viscous and flows less freely than milk, 
Qe TY even more effort and care must be taken 
Fig. 30. Method of ob- [0° insure correct sampling. When cream 
taining drip sample from is sampled immediately after separating, 
mae Se the fat may be evenly distributed by 
thorough mixing and by pouring it a few times from one vessel 
to another. When the cream is coagulated or lumpy it should be 
passed through a wire sieve or strainer. In some cases it may be 
necessary to warm the cream enough to soften the fat before 
mixing in order to secure a homogeneous product. The sample 
may be taken from the container with a dipper or with a sampling 
tube. When the sample taken is to form part of a composite 
sample, the amount taken from each delivery should always bear 
the same proportion to the mass sampled. Neglecting to do this 
may be the source of large errors. 


COMPOSITE SAMPLES DEFINED. 


As applied to creamery work, a composite sample is made up 
of several portions of milk or cream from a single source, usually 
taken from different days’ deliveries, and placed in a bottle with 
a preservative. In condenseries, ice cream plants and commercial 
milk plants where different dairy products are to be mixed to- 
gether, or where all of the products received from different 
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sources are to be thus mixed, the term ‘‘composite sample’’ may 
refer to a mixture of aliquots (proportionate amounts) from each 
of the masses of substances that are to be united and standardized 
to a definite composition. a fe 

It is seldom necessary to test composite fluid milk samples 
oftener than once a week. Usually they are tested once in two 
weeks. Where possible to preserve them properly the ideal 
method is to test them once a month. This reduces the amount 
of testing to a minimum, saves unnecessary labor and increases 
aecuracy. 

PRESERVATIVES FOR COMPOSITE SAMPLES. 


The principal preservatives used for keeping composite sam- 
ples in good condition are mercuric chloride (corrosive sublimate), 
formaldehyde, and potassium bichromate. The use of mercuric 
chloride has generally given good results. It can be purchased 
in tablet form combined with substances that color the milk pink 
or blue to warn people against drinking it as this preservative is 
a deadly poison. Two or three of the tablets serve to preserve 
six or eight ounces of milk for a period of two weeks. 

Formaldehyde is also successfully used for preserving compos- 
ite samples where other preservatives do not completely check 
growth of moulds. It is not such a deadly poison as mercuric 
chloride, but milk samples containing it should be marked ‘‘poi- 
sonous.’’ Five or six drops of a 40% solution of formaldehyde 
will preserve six or eight ounces of milk over a period of two 
weeks. ‘‘Composite test liquid’’ is a form of formaldehyde spe- 
cially prepared and colored, for keeping composite samples. It 
is ihe most economical and the most satisfactory preservative now 
in use. a 

Potassium bichromate is not as effective a preservative as the 
others named, but it serves well for holding samples for short 
periods. It is poisonous but not so severe as mercuric chloride. 
For preserving milk samples enough of the bichromate is added 
to give the milk-a lemon-yellow color. , 


CARE OF COMPOSITE’ SAMPLES. 
The samples should be kept in trays or on shelves in a cool 
cupboard near the weighing can. Each bottle and its location 
on the shelf should be plainly and correspondingly numbered: 


~’ CoMPosiTE SAMPLES’ | 87 


When milk is added the bottle should be shaken with a rotary 
motion to soften and. to reincorporate, without churning, any 
eream that has risen, and to bring the freshly added milk in con- 
tact with the preservative in solution. The cupboard should be 
closed and locked when sampling is completed for the day. ~ 


PREPARING COMPOSITE SAMPLES FOR TESTING. 

Even with the best care, some cream will become attached to 
the sides of composite sample bottles. Therefore, it is always 
advisable to place the bottles in warm water to soften the cream 
so that it may be quickly removed from the side of the bottle. 
‘When necessary a suitable brush, or spatula having a piece of 
rubber tubing drawn over the lower end, can be used to loosen the 
cream from the sides of the bottle. The cream can then be readily 
reincorporated. The contents of the bottle should not be heated 
above 100° F., or part of the fat will separate as an oil, and make it 
extremely difficult to secure an accurate test sample. By bringing 
the water in the warming vessel to a temperature of about 100° 
F, and then placing the bottles in the water, there will be little 
danger of overheating. Figure 31 illustrates a water bath espe- 
cially designed to heat composite sample bottles. before testing. 
It is provided with a steam spray pipe, and an overflow so that 
exact control can be maintained over this operation. 


Fig. 31. Composite Sample Bottle Water Bath. 

To properly mix the cream with the milk and obtain repre- 
sentative samples, the addition of a small quantity of shot to the 
bottle before heating and shaking will insure a satisfactory emul- 


pion. ~ COMPOSITE CREAM SAMPLES. 
The practice of taking composite samples of cream has nearly 
ceased in recent years, as more accurate results are secured by 
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testing each sample the day it is taken. With such a valuable 
product as cream, the higher degree of accuracy secured by the 
daily test offsets the additional expense. When composite sam- 
ples of cream are taken, the directions given above for composite 
milk samples will apply in every detail. 


SAMPLING SKIM-MILK. 


Skim-milk should be mixed before sampling in the same man- 
ner as whole milk. Samples taken from a,separator spout at a 
single instance usually will not show the average composition of 
the total quantity separated. After separation is completed, pro- 
portionate amounts should be taken from each container and 
mixed together. The test secured on such a mixture will be the 
average of the entire mass. The same should be kept in air tight 
sample jars in a cool place until they are tested. 


SAMPLING WHOLE MILK FOR MAKING EVAPORATED MILK, OR 
SWEETENED CONDENSED MILK. 


In addition to the directions given on pages 82-83 for sam- 
pling whole milk, the following will be of assistance in sampling 
when testing, in evaporated or condensed milk plants. Secure 
samples from the holding tanks after the milk has been thoroughly 
stirred. This is the ideal method, but it is seldom possible for a 
plant to collect in one tank all the milk required to make up one 
batch. In some cases, more than one holding tank is available, 
and the same ean be filled alternately with the whole milk. Sam- 
ples are taken out of the alternate tanks in the proportion of 1 
c.c. to each one hundred pounds of milk in the tank. For exam- 
ple, a tank holding eight thousand pounds of milk will require an 
80 c.c. sample. Samples from the different tanks that go to make 
up the entire holdover batch can be mixed together before testing 
the same for fat and total solids. The objection to this method 
is that it is seldom possible to allow the milk to accumulate in the 
tanks in any fixed quantity since it is usually necessary to pump 
it into the hot wells as soon as it starts accumulating in the hold- 
ing tanks. 


At the hot wells: If the samples are taken at the hot wells, care 
must be taken that no milk remains in the wells from the previous 
batch. Also care must be taken that the milk be well stirred be- 
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fore the sample is taken, and that the sample taken be propor- 
tional to the entire weight of milk in the different hot wells. This 
is a good method, provided the milk in the hot wells can be prop- 
erly stirred, but it cannot be used in the case of sweetened con- 
densed milk, on account of the sugar remaining in the hot wells. 


SAMPLING EVAPORATED MILK AND SWEETENED CONDENSED 
MILK. 

Evaporated milk requires to be sampled and tested both before 
and after sterilizing. Samples taken from a pan batch should be 
collected in a well-stoppered bottle as illustrated under Fig. 24. 
The sample should be promptly cooled to about room temperature 
and well mixed before testing. 

Where the holdover system is used, great care must be taken 
to secure proper mixing of the entire lot of milk in the holdover 
tank. The method of agitation used should be proved by testing 
samples taken from different parts of the holdover batch. 

Samples after sterilizing should be properly mixed in the can. 
Samples in which the butter fat has separated or has become 
churned require special attention, and it frequently becomes im- 
possible to make an accurate test on account of the mechanical 
condition of the sample. 

Skimmed or whole unsweetened condensed milk are usually 
sampled in a manner similar to evaporated milk. 

Sweetened condensed milk in its several varieties is a product 
that requires very particular care in sampling. A sample from a 
pan batch should be collected in a well-stoppered bottle and 
promptly cooled. A sample from a large holdover batch should 
be taken only when the agitation is complete. Samples taken 
from cans, or from barrels, require particular attention on ac- 
count of the possibility of the milk sugar settling upon the bottom 
of the containers. Unless the milk sugar is thoroughly reincor- 
porated, it becomes impossible to obtain a test that is representa- 
tive of the original milk. 


SAMPLING FOR ICE CREAM MIX. 

Methods for sampling cream and other materials to be used in 
compounding the ice cream mix will be found under the directions 
for sampling the respective products. The methods of sampling 
the mix to determine its composition will vary according to the 
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conditions peculiar to each plant. Where a homogenizer is used, 
some operators prefer to take the sample from the cooling coils a 
few minutes after the homogenizer has started. The mix is then 
in excellent condition for sampling. Other operators may prefer 
to take the sample from the pasteurizer before homogenizing. In 
the latter ease, care should be exercised to make certain that the 
mixture is homogeneous throughout. When neither pasteurizer 
nor homogenizer is used, dependence must be placed upon ordi- 
nary methods of mixing to prepare the batch for sampling. Three 
ounce or four ounce samples of the mix should be taken with a 
sampling tube or dipper and placed in air-tight, glass sample 
bottles until tested. 
SAMPLING THE FROZEN PRODUCT. 

There is some tendency for the heavier substances to descend, 
and for the fat percentages to increase in the upper layers of ice 
cream held in storage. Therefore, care must be exercised in order 
to secure representative samples. Where the mass is large the 
sample may be taken with an instrument like a butter trier, draw- 
ing a column of the ice cream extending from the top to the bot- 
tom of the container. Bricks of ice cream may be sampled by 
drawing plugs with a trier or preferably by taking the whole of 
a slice about half an inch in thickness across the brick, and at 
least an inch from the end. Frozen samples should be melted 
gradually before testing. 


SAMPLING BUTTER. 

The sampling of butter is one of the most important and diffi- 
cult operations in the process of determining its composition. 
This is so because the water and salt are not evenly distributed 
throughout the fat. The moisture content of the butter in one 
end of a churn will be different from the content in the other 
end. The fat percentage near the surface of a tub of butter, or 
the surface of a pound print, will be higher than it is at the bot- 
tom of the tub or at the center of the pound print. For these 
reasons, care and judgment must be used in taking the sample. 
The method of sampling varies according to the condition and 
location of the butter. When sampling butter in the churn, take 
with a spatula or butter knife ten or twelve one-fourth ounce 
portions from different parts of the churning and place them to- 
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gether in a glass sample jar that has an air-tight stopper. If the 
butter is in tubs, the sample may be taken with a butter trier. 
It is best to take drawings—one from near the edge, one halfway 
between the edge and the middle, and one from the middle. The 
different drawings are placed together in a sample bottle. Some- 
times after the cover is removed the tub is turned upside down 
and lifted off the butter. A one-half pound wedge-shaped 
piece of the butter is then taken from one side about half-way 
between the bottom and the top. Prints may be sampled by tak- 
ing two or three drawings with a trier or by taking a three-ounce 
slice across the print about an inch from one end. 


: SAMPLING BUTTERMILK. 

In sampling buttermilk, use the same methods and precautions 
that are given for sampling whole milk and skim-milk on pages 
82-85. 

SAMPLING CHEESE. 

The percentage of moisture in cheddar and other hard cheese 
is highest near the center, while the percentage of fat and other 
solids is highest near the outside. For these reasons considerable 
eare and skill is required to take a truly representative sample 
without destroying the cheese. The moisture determination given 
in Table 19 was compiled by one of the authors. It gives the 
distribution of moisture in a cheddar cheese at intervals over a 
period of twenty-one days after the cheese was taken from the 
press and while it was on the shelves in a fairly cool curing room. 
The cheese was not coated with paraffin. 
| TABLE 19. : 

The Distribution of Water in a Cheddar Cheese and the Loss of Water by 
Evaporation. Results Obtained by Prof. H. C. Troy. 


Age of Inner third of | Middle third of | Outer third of 


cheese. the plug. the plug. the plug. ENGLER 
1 day 37.57 36.78 35.69 36.65 
Sat 36.90 36.43 35.08 36.13 
Rae 36.81 36.59 34.95 36.11 
Oo 36.50 36.62 35.00 36.04 

slabs 36.56 36.55 34.50 35.87 
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The simplest and best method to take a sample of a cheddar 
cheese is to cut out a wedge-shaped piece reaching from the cir- 
cumference to the center. The sample should be placed immedi- 
ately in a sample jar having an air-tight stopper. 

When it is necessary to take samples without destroying the 
cheese, draw from the upper side with a cheese trier,—three plugs, 
one about one inch from the outer rim, one at the center and one 
half-way between the other two. The plug should extend half- 
way through the cheese. After drawing the plugs, break off a 
piece of each plug at the outer end, and close the openings with 
the pieces. The remainder of the plugs will serve as the sample, 
and they should be placed in the sample jars, and the jars closed 
at once. 


Dise-shaped soft cheese may be sampled by taking a wedge- 
shape piece extending from the rim to the center. Square-shaped 
soft cheese are sampled by taking a slice across the cheese some 
distance in from one end. 


Samples of hard cheese like cheddar are prepared for testing 
by passing them through a meat chopper or by cutting the cheese 
into particles about the size of kernels of wheat. This may be 
done in the sample bottle by using the end of a table knife that 
has been squared and sharpened. Before taking the final test 
portion, the contents of the bottle should be well mixed. The soft 
cheese sample is prepared for testing by mixing it in the sample 
bottle, using a spatula or knife blade for this purpose. Excellent 
results are obtained by grinding the sample in a close-grained 
mortar with a pestle. This must be done rapidly so that there 
may be no loss of moisture from this operation. 


SAMPLING WHEY. 


Whey should be well mixed before sampling. The absence of 
large amounts of casein permits the fat in whey to rise quickly. 
It is practically impossible to reincorporate all of the fat that 
rises to the surface, and for this reason fat tests of whey usually 
show less rather than more fat than the whey contains. Also the 
particles of casein settle to the bottom quickly and carry down 
with them any incorporated fat. The manufacturing processes of 
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numerous varieties of cheese are influenced by the percentage of 
acids in the whey. For this reason alone the whey has to be sam- 
pled and tested for acidity frequently during the advancement of 
the manufacturing process. In the process of manufacturing 
cheddar cheese, the whey is sampled immediately before heating 
the curd, previous to removing the whey, and while the curd is 
piled, before being milled, and finally also before salting. 


As test samples of whey are usually taken by volume, the most 
satisfactory way is to take them with a graduated pipette from 
the mass to be sampled immediately after it is mixed. It may then 
be transferred directly to the vessel in which the test is to be com- 
pleted. If asample bottle is used much of the fat may be lost by 
becoming attached to the sides of the bottle. 


SAMPLING CONCENTRATED DAIRY PRODUCTS. 


When exposed to the air, milk powder absorbs moisture rap- 
idly. This makes thorough mixing of the sample especially nec- 
essary when the powder is not kept in moisture proof containers. 
When it is kept in cans it should be well mixed, and if lumps are 
present it should be put through a sieve before mixing. Some- 
times the powder is mixed, then divided into four approximately 
equal parts. Portions from each quarter are then mixed to- 
gether and the sample taken, or the quartering process may be 
carried further. 


Sampling Whole Milk Powder.—Whole milk powder is 
sampled in the same manner as skim-milk powder. 


Sampling Malted Milk.—Malted milk is sampled by the method 
given for sampling skim-milk powder. 


Sampling Milk Chocolate-—Milk chocolate cannot be ground to 
a powder as it will soften into a paste in the process. Therefore 
it must be shaved or grated into fine particles to permit thorough 
mixing before taking a test sample. 


Frequently the chocolate can be pounded to a smooth, homo- 
generous mass, in a mortar, with a pestle. 
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Sampling Cocoa.—Since cocoa is usually held in the form of a 
powder, it may be sampled by the methods given for sampling 
milk powder. 


CHAPTER VII 


DIRECTIONS FOR MAKING FAT TESTS, USING 
THE MOJONNIER TESTER 


OUTLINE OF METHOD. 


The method for making fat tests upon the Mojonnier Tester 
is a comparatively simple one. It is modified for various dairy 
products, but the principles and the general operations remain 
unchanged. In the case of fresh milk the method in brief is as 
follows: 

Measure 10 grams of milk into the extraction flask illustrated 
under Fig. 32. Add 1.5 c. c. of ammonia and mix in small bulb of 
flask. Add 10 ¢. c. of 95 per cent alcohol, insert cork and shake 
thoroughly. Add 25 c. ce. of ethyl ether, and shake for 20 seconds. 
Then add 25 ce. ec. petroleum ether and shake for 20 seconds. Place 
the extraction flask in the holder of the centrifuge and turn the 
handle 380 turns, taking about one-half minute. This will give a 
speed of 600 revolutions per minute. The centrifuge with the 
holder is illustrated in Fig. 19, Chapter IV. Pour off the ether 
solution from the remainder of the liquid into the fat dish. Evapo- 
rate the ether from the dish, illustrated under Fig. 33. 


Fig. 32. Fat Extraction Flask. Fig. 33. Fat Dish. 


Repeat the extraction, adding in turn with thorough shaking 
after each addition, 5 c. ec. of alcohol, 15 ¢. ¢. of ethyl, and 15 ¢. ¢. 
of petroleum ether. Centrifuge as before. Add water if neces- 
sary to raise the dividing line between the ether solution, and the 
remaining liquid residue. Pour off the ether solution into the 
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same dish as was used for the first extraction. Evaporate the 
ether from the dish. Dry the fat in the vacuum oven. Cool and 
weigh the dish. Calculate the percentage of fat in the sample. 
The necessary modifications of the above method for the vari- 
ous dairy products will be discussed further in this chapter. The 
successive steps involved are also explained in careful detail. 


HOW TO WEIGH THE SAMPLES FOR THE FAT TEST. 


Several methods are in use for weighing the samples for the 
fat test, depending upon the product that is being tested. The 
weighing cross with the short pipettes can be used successfully 
upon a number of dairy products. Numerous advantages are 
gained by using the cross, provided the product to be tested 
permits of its use. Five different samples can be weighed with 
only six weighings, and if care is taken, great accuracy is obtain- 
able. The following cuts illustrate just how the weighing pipettes 
and the weighing cross are used. 


Fig. 34. Weighing Cross with Rubbers and Pipettes. Also 10-gram Pipette 
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G7, G8 and G 9 illustrate 1, 2 and 5 gram pipettes, respective- 
ly. G10 is a pipette graduated to deliver 10 grams of whole milk, 
and it is never used in connection with the weighing cross. T 28 
illustrates the cross itself, with the arms all properly numbered, 
in order to distinguish between the samples. T 28A shows the 
cross with the rubber tubes inserted over the knobs, thus forming 
an air-tight seal. T 28B shows the pipettes inserted in the tubes. 

Another very satisfactory method of weighing certain dairy 
products is by means of weighing pipettes. These are illustrated 
under Fig. 35. 


Fig. 35. Weighing Pipettes with Holder. 


G 41, G 52 and G 53 illus- 
trate 1,2 and 5 gram pipettes, 
respectively. T 116 illus- 
trates the holder that is to 
be placed upon the balance 
pan with the pipettes. With 
this method also, five samples 
can be weighed with only ie Avie 


i ivhi ing Pipette Before 
igs weighings. Pine in Holder. 


Fig. 36. 
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Products that are not homogeneous or that separate rapidly, 
are weighed most accurately when placed directly into the extrac- 
tion flask while the latter is suspended to the arm of the balance. 
This is illustrated under Fig. 37. 


Right Way Wrong Way 


Fig. 37.—Flask Hanger with Flask 
Suspended to Balance Arm, 


Fig. 38 is a hanger, one end of which is fastened to 
the hook upon the balance arm and the other holds the 


( flask around its neck. 


Tl To insure absolutely accurate results, the extraction 
Fig.3s. flask at the time of weighing must have the same tem- 
Flask Hanger. nerature as that of the balance case, and the weighings 
of the empty flask and the flask when it contains the sample must 
be made quickly and closely together. In order not to expand 
the air inside the flask between the weighings, the flask should 


not be held in the hands nor allowed to change temperature by 
any other means. 
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Butter, and all other products that are not hygroscopic, are 
weighed with great accuracy in the butter boat illustrated un- 
der Fig. 39. 


Fig. 39. Butter Boat. 


The butter boat is weighed empty, the sample is then placed in 
it, and the weight obtained by difference. 


Several products can be pipetted out, taking ten grams and 
where possible, this is a very accurate method. The pipettes are 
graduated to discharge ten grams of whole milk at 60° F., allow- 
ing 15 seconds for draining the pipette after the milk has all run 
out, and then blowing out the last drop of milk in the pipette. 


The size of sample to use varies, depending upon the product 
being tested, and it ranges from one gram in the case of butter to 
ten grams in the case of raw milk. See instructions following 
each product, and also Table 21 at the end of this chapter. 


HOW TO ADD THE REAGENTS. 


The reagents should 
\ be added in the follow- 
- \\ing order: Water, am- 
= //  monia, alcohol, ethyl 
. “ ether, and petroleum 
ether, The burettes 
upon the dispensing cans are gradu- 
ated to deliver the proper charge re- 
quired. See instruction under each prod- 
uct, and also Table 21 at the close of this 
chapter. 

Fig. 40 shows position of flask when 
adding reagents, when one or two tests are 
being made. Fig. 41 on next page shows pref- 
erable method of adding reagents when sev- 
eral samples are to be tested. 


N 


Fig. 40, 
Adding Reagents 
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= Fig. 41. 
= | — H 
ae = : Correct Position of 
y ae Arr Flask Holder and 
ff " Flasks for Adding Re- 
WZ | agents When Making 
il) Four Tests at One 
aay) y Tl Time. 
iy 
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HOW TO SHAKE THE FLASK. 


If only one sample is being 
tested, it can be shaken by 
hand. As many asfoursamples 
can be shaken at one time in the ¢@ sap 
holders which are furnished 
with the equipment. The flask 
should be held with large bulb 
down (see Fig. 42), and the 
small bulb extending upward. 


In this position they are shaken Fig. 42. Correct Position of Flask 
vigorously lengthwise of flask. When -Bhakiag: 

After shaking 5 or 6 times, allow liquid in small bulb to run back 
into large bulb. Repeat this operation at least four times. There 
is no danger in shaking the samples too much. ‘The,only danger 
is in not shaking the samples enough as this is a very impor- 
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tant part of the operation. Fig. 48 illustrates the extraction 
flask holder by means of which four samples can be shaken at one 
time. 

The flasks should be kept in the position indicated while shak- 


ing and the liquid allowed to flow alternately from the large to 
the small bulb. 


Pig. 43. Illustrates the Position in Which to Hold the Four Flasks That Are 
Being Shaken at One Time. 


HOW TO CENTRIFUGE THE FLASK. 


If only one sample is being centrifuged at a time, place a coun- 
terpoise upon the opposite side of the centrifuge in order to bal- 
ance the head. Always see that there is about the same weight 
upon both sides of the centrifuge. The centrifuge with the head, 
holder and flask is illustrated under Fig. 19, Chapter IV. 


HOW TO POUR OFF THE ETHER SOLUTIONS. 


Remove the cork by twisting it carefully from the flask. Pour 
off the ether solution as completely as possible, taking care not to 
allow any of the liquid under the ether to flow out of the flask. 
This can be avoided if the dividing line between the ether solu- 
tion and the remaining solution is carefully watched, while pour- 
ing off. In the first extraction, a larger amount of the ether so- 
lution can remain in the flask than in the second extraction. The 
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correct procedure in pouring off is illustrated under Fig. 44. 
The fat dish should be placed upon the tester top, and the opera- 
tor should look down upon the ether solution as it is being poured 
off, observing the point where all the ether has been removed. 

| By following this 


/ emi rea method, all but one or 
(ys | == Sn two drops of the ether 
Za i rh ae, - solution should be re- 
oD edi || . 


moved, provided the 
dividing line was in 
the right place before 


\ pouring out. 
Fig. 44. Correct Procedure When Pouring 
Ether Solution Into Dish. 


Aig I! 
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HOW TO BRING UP THE DIVIDING LINE 


Inability to pour off the ether solu- 
tion closely is due to the fact that the 
dividing line between the ether solu- 
tion, and the remaining solution is too 
low in the lower bulb of the flask. At 
the end of the first extraction, the <p> 
dividing line can re- = fu) Y 
main without change, ay 
taking care to pour off 
the ether solution as 
closely as possible, re- 
gardless of the posi- 
tion of the dividing 
line. At the end of 
the second extraction, 7 Fiiperore: aud Atier malate 
remove the stopper from the flask, and drop sufficient distilled 
water from the burette into the extraction flask to raise the 
dividing line to the desired point. This should be done just 
before pouring off the ether. If this procedure is followed, it 
becomes possible to remove the ether almost to the last drop. 


Fig. 45 shows the position of the dividing line both before and 
after water is added. 


—Before 
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HOW TO EVAPORATE THE ETHER FROM THE DISH. 


It is important to maintain the proper temperature upon the 
outside hot plate. If the temperature is allowed to go below 
135° C., it takes too long to evaporate the ether solution. Upon 
the other hand, if it rises much above 185° C., there is danger of 
the ether boiling out over the top of the dish, and also slight 
danger of oxidation of the fat. If the plate is too hot, it is 
best to place only part of the dish in contact with the plate. It is 
recommended that the hood be placed over the dishes, and that the 
ether fumes be blown out of the room by means of the blower. It 
is dangerous to allow the ether fumes to evaporate into the work- 
ing room, and besides it makes it very unpleasant for the operator 
to work in contact with these vapors. This method is illustrated 
under Fig. 46. 


Pig. 46. Evaporating the Ether. 
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HOW TO HEAT THE FAT DISH IN THE OVEN. 


Do not transfer the fat dish from the outside hot plate to the 
vacuum oven until all of the ether has been evaporated. 
If this is not done, the contents of the dish are quite likely to spat- 
ter in the oven. It is very important to maintain proper tempera- 
ture conditions, namely 135° C., and also the proper vacuum upon 
the fat dishes, while the same are being heated in the oven. If 
for any reason, there should be difficulty in attaining either the 
proper heat, or the proper vacuum, the trouble should be immedi- 
ately investigated and its cause removed. 


i gy 


TT | 

] \ 
| i | 
! MT | 
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Wrong Way Right Way 


Fig. 48. Method of Placing Dish Upon the Balance Pan. 


HOW TO WEIGH THE FAT DISH. 


The fat dishes are to be transferred from the vacuum oven to 
the cooling desiccator in which they are to remain for seven min- 
utes before being weighed. The weighing ‘should be done as 
promptly as possible after cooling. Allow as little time as possible 
to elapse between the weighing of the empty dish, and of the dish 
with the fat in it. The air in the cooling desiccator should be at 
the same temperature as the air in the balance ‘case. Therefore 
the two should be located closely together. 
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DIRECTIONS FOR OPERATING VALVES CONTROLLING THE 
VACUUM OVENS. 


Fig. 49. Valve Handles Controlling Vacuums in Fat and Solids Ovens 


Move valve handles in positions corresponding to lettering in 


above diagram as follows: 


For no vacuum in either oven....A, B and ©, D 
At Brande ©,31)% 


A> Bt and, Ct, 


For vacuum in fat oven.......... 
For vacuum in solids oven........ 


For vacuum in both ovens........ ‘ 
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IMPORTANT HINTS TO OPERATORS OF THE MOJONNIER MILK 
TESTER. 


‘Fig. 50. 


When Filling Water Tank Use Rub- 
ber Tube and Siphon Water as Illus- 
trated. A Little Water Soluble Oil 
Placed in the Water Will Prolong Life 
of Gears in Water Circulating Pump. 


Fig. 51. 


When Filling Vacuum Pump 
Reservoir Fill Spouted Dipper Fur- 
nished with Tester and Pour as Ii- 
lustrated Until Proper Level of Oil 
is Indicated in Oil Gauge. 


Fig. 52. Place the Calcium Chloride Pan Under the Plate in the Cooling 
Desiccator, as Illustrated. 
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HOW TO RECORD THE RESULTS AND TO CALCULATE THE 
PERCENTAGE OF FAT. 


A systematic method should be adopted for recording all data 
covering the fat tests. Fig. 53 shows a form of laboratory 
report suitable for recording both fat and total solids tests. 


Form M. P. 50 
LABORATORY REPORT 


Plant == Date__ 
a | | | | 
=e ee ies, oe 
ae | ie | 
| a (etieae Sae, 
oe | | ti] ad 
HETTES | | i 
_ SAMPLE, | | | | 
rweres__| | | | | 
fons et oa ra ees 
var E | sean Ra 
sotine eel ro. Sat — 
pte SS Ce nea a ad RR aa 
paneer) | | | 
sists ee s é 
| | | 
_puwormerre|_ is = zs zt | 
oat ee: | ee 
5 | | | 
solos 
Opeorstor 
Fig. 53. Laboratory Report Blank. 


TABLE 20. 
Laboratory Report. Test No, 1. 
September 1, 1920. 


Evaporated Evaporated 
milk. milk. 

Dishep liga Ha tey ps anes 542877 Dish plus Solidstanrermricee: 22556 
IDI St ee a eee a eee (IGE ie MIDI aipae t vooleoo onto ae .0124 
HOE Pe eee pee ee nc 5 GEO A STONNGISY a. ea ois baleen Gee e 2426 
Pipettes plus Sample....... 32.8200 Dish or Pipette, plus sample. .9401 
Pipettomiserere Lee Aas, 27.6650 Dish or Pipette............ 0124 
Saale avs ke pmhen nr eicntsh: a Sel 5505 LSataple eat techs ivacdves 9277 
Percentage of Fat.......... 8.0000 Percentage of Solids........ 26.1500 


In order to obtain the per cent of fat in the sample, divide the 
weight of the fat in the dish by the weight of the sample taken. 
Multiply the result thus obtained by 100 or move the decimal point 
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two places to the right. Example: Weight of fat found equals 
4124 gram. Weight of sample taken equals 5.1550 grams. 4124 
divided by 5.1550 equals .0800. .0800 multiplied by 100 equals 
8.00 or the percentage of fat in the sample. 


HOW TO RUN BLANKS UPON REAGENTS. 


It is of the utmost importance to use pure reagents, or to 
make the proper corrections when using reagents that contain 
impurities. : 

To prove the purity of the reagents, blank determinations 
should be made at frequent intervals. Measure 50 e. c. each of 
ethyl and petroleum ether in separate fat dishes. KEvaporate, 
heat, cool and weigh the dishes in exactly the same manner as 
when making a fat test. The residue should not exceed .0005 
gram, which is equal to an error of .01 per cent upon a five gram 
sample. In a second method measure 10 ¢. ¢. of water in a fat ex- 
traction flask, and add all the reagents and complete the test just 
as in the case of a fat test upon whole milk. The residue in this 
ease also should not exceed .0005 gram. If the residue exceeds 
the above limits, trace the trouble to the particular reagent that is 
responsible for the residue present, and take immediate steps to 
correct the trouble. Refer to Chapter III. 


HOW TO TEST FRESH MILK, SKIM-MILK, WHEY AND 
BUTTERMILK FOR FAT. 

Mix the samples very thoroughly. Measure samples for the 
test, taking 10-gram sample and using the 10-gram pipette. Drain 
the pipette 15 seconds, counting from the time the milk has all 
run out. Then gently blow out the last drop. If it is preferred, 
the samples can be weighed, although this constitutes an unneces- 
sary operation. 

Add no water to the samples. 

For the first extraction, add 1.5 c. e. of ammonia; 10 «. e. of 
alcohol; 25 ¢.e. of ethyl ether, and 25 ¢c.c. of petroleum ether. 
Shake thoroughly after the addition of the ammonia, half a minute 
after the addition of the alcohol, and 20 seconds after the addi- 
tion of each of the two ethers. 

Centrifuge 30 turns, taking one-half minute. 

For the second extraction, add neither water nor ammonia. 
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Add 5 ec. ¢. of alcohol; 15 c.c. each of ethyl and petroleum ethers, 
and shake 20 seconds after the addition of each reagent. 

Centrifuge 30 turns, taking one-half minute. 

If necessary to raise the dividing line between the two ether 
solutions, add the necessary distilled water just before pouring 
off. 

After evaporating off the ether, heat the dishes with the fat, 
in the vacuum oven at 135° C. for five minutes with not less than 
20” of vacuum. Cool in cooling desiccator to room temperature 
for seven minutes. 

Weigh rapidly. Record results and calculate the percentage 
of fat. 


HOW TO TEST EVAPORATED MILK, CONDENSED BUTTERMILK 
AND ALL UNSWEETENED CONDENSED MILKS FOR FAT. 
Unsweetened condensed milk and evaporated milk, whether 

unsterilized or sterilized are tested for fat in very much the same 
manner. Superheated plain bulk condensed is difficult to sample 
properly, so that great care must be exercised in getting represen- 
tative samples. Evaporated milk sterilized in the can, especially 
after standing for a considerable time sometimes contains the fat, 
either separated in the form of cream or in the form of churned 
fat. Samples in this condition are difficult to test, and the proper 
allowance should always be made in cases of this kind. 

To weigh the sample use either the weighing cross, or the 
weighing pipettes, and in some cases it may be desirable to weigh 
the sample directly into the flask suspended from the balance arm. 
The last method would apply where the samples are not homo- 
geneous. Use about 5-gram sample, excepting in the case of con- 
densed buttermilk and of extra heavy superheated milk, when 
only 3 grams should be used. 

For the first extraction, add 4 ¢. c. of water (except in the case 
of condensed buttermilk and of extra heavy superheated milk 
when 6 ¢. c. of water should be used). 1.5 ¢. ¢. of ammonia, 10 
ce. ce. of alcohol, and 25 e.c. each of ethyl and petroleum ethers. 
Shake thoroughly after the addition of water; again after adding 
the ammonia; half a minute after the addition of the alcohol and 
20 seconds after the addition of each of the two ethers. 

Centrifuge 30 turns, taking one-half minute. 
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For the second extraction, add neither water nor ammonia. 
Add 5 ec. e. of alcohol, 25 ¢. ¢. each of ethyl and petroleum ethers, 
and shake 20 seconds after the addition of each reagent. (In the 
case of plain condensed skim-milk, and condensed buttermilk, use 
only 15 c. ¢. of each ether in the second extraction.) 

Centrifuge 30 turns, taking one-half minute. 

If necessary to raise the dividing line, add the necessary dis- 
tilled water just before pouring off the ether solution in the sec- 
ond extraction. 

After evaporating off the ether, heat the dish with the fat in 
the vacuum oven at 185° C. for 5 minutes with not less than 20 
inches of vacuum. Cool in the cooling desiccator to room tem- 
perature for 7 minutes. 

Weigh rapidly. Record results, and calculate the percentage 
of fat. 


HOW TO TEST SWEETENED CONDENSED MILK FOR FAT. 


Proceed without diluting the sample, but be sure to obtain a 
representative sample, and to make sure that the sample is prop- 
erly and thoroughly mixed. Sweetened condensed milk is very 
difficult to sample properly on account of the tendency for the 
milk sugar to settle out. 

To weigh the sample, use either the weighing cross, or the 
weighing pipette. Use about five grams sample. 

For the first extraction, add 8 ¢.c. of hot water; 1.5 ¢.c¢. of 
ammonia; 10 c.c¢. of aleohol, and 25 ¢.¢. each of ethyl and petro- 
leum ethers. Shake very thoroughly after adding the water, and 
again after adding the ammonia, and one minute each after adding 
the alcohol, and the two ethers. 

Centrifuge 60 turns, taking one minute. 

For the second extraction, add neither water nor ammonia. 
Add 5 ¢. ¢. of alcohol, 25 ¢. e. each of ethyl and petroleum ethers, 
and shake 20 seconds after the addition of each of the reagents. 
Centrifuge 60 turns, taking one minute. 

If necessary to raise the dividing line, add the necessary dis- 
tilled water just before pouring off. 

After evaporating off the ether, heat the dish with the fat, in 
the vacuum oven at 135° C. for 5 minutes, with not less than 20 
inches of vacuum. Cool in the cooling desiccator for 7 minutes. 
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Weigh rapidly. Record results and calculate the percentage 
of fat. 


HOW TO TEST ICE CREAM MIX FOR FAT. 


Mix the sample very thoroughly, and if necessary heat the 
same slightly in order to melt the butterfat. If the sample is not 
homogeneous, great care must be exercised in weighing out the 
same, otherwise the accuracy of the results will be affected. Weigh 
the sample, using either the weighing cross or the weighing 
pipettes, and in case that the sample will not remain homogene- 
ous, weigh it directly into the extraction flask suspended from the 
balance arm. Use about five grams sample. 

For the first extraction, add 5 ¢. c. of water, 1.5 ¢. e. of ammo- 
nia, 10 c. ce. of alcohol, and 25 ¢. ec. each of ethyl and petroleum 
ethers. Shake thoroughly after adding water, and again after 
adding the ammonia, and one-half minute each after adding the 
alcohol and the two ethers. 

Centrifuge 30 turns, taking one-half minute. 

For the second extraction, add neither water nor ammonia. 
Add 5 ¢. e. of alcohol, 25 ¢. c. each of ethyl and petroleum ethers, 
and shake 20 seconds after the addition of each reagent. 

Centrifuge 30 turns, taking one-half minute. 

If necessary to raise the dividing line, add the necessary dis- 
tilled water just before pouring off the ether solution. 

After evaporating off the ether, heat the dish with the fat, in 
the vacuum oven at 135° C. for 5 minutes with not less than 20 
inches of vacuum. Cool in the cooling desiccator at room tem- 
perature for 7 minutes. 

Weigh rapidly. Record results and calculate the percentage 
of fat. 

HOW TO TEST CREAM FOR FAT. 


Mix the sample very thoroughly, and heat it slightly, if this 
should be necessary, in order to melt the fat. To weigh the sam- 
ple, use either the weighing cross or the weighing pipettes, and if 
the sample will not remain homogeneous, use either the butter 
boat or weigh directly into the extraction flask suspended on the 
balance arm. In the case of cream testing less than 25 per cent of 
fat, use two grams sample, and in the case of cream testing more 
than 25 per cent of fat, use one gram sample. 
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For the first extraction, add 5 cc. of water, in the case of 
cream testing less than 25 per cent. Add 6 c. c. of water, in the 
case of cream testing more than 25 per cent of fat. Shake thor- 
oughly after the addition of the water. 


Use also 1.5 c. ec. of ammonia, 10 ec. c. of alcohol, and 25 «. ¢. 
each of ethyl and petroleum ethers. Shake thoroughly after the 
addition of the ammonia; one-half minute after the addition of 
the aleohol, and 20 seconds after the addition of each of the two 
ethers. Centrifuge 30 turns, taking one-half minute. 

For the second extraction, add neither water nor ammonia. 
Add 5 ¢. ¢. of alcohol, 25 ¢. ce. each of ethyl and petroleum ether, 
and shake 20 seconds after the addition of each reagent. 

Centrifuge 30 turns, taking one-half minute. 


If necessary to raise the dividing line, add the necessary dis- 
tilled water just before pouring off the ether solution in the sec- 
ond extraction. After pouring off, heat the dish with the fat in 
the vacuum oven at 135° C. for five minutes with not less than 20 
inches of vacuum. 

Cool in the cooling desiccator to room temperature for seven 
minutes. 


Weigh rapidly. Record results, and calculate the percentage 
of fat. f 


HOW TO TEST MALTED MILK, MILK CHOCOLATE, COCOA, 
CHEESE AND BUTTER FOR FAT. 

Follow the method of sampling recommended under each of 
these products in turn under Chapter VI. To weigh the samples in 
all cases, use either the butter boat or weigh directly into the ex- 
traction flask suspended from the balance arm. 


In the case of malted milk, chocolate and cocoa, use .5 gram 
sample. In the case of cheese and butter, use 1.0 gram sample. 


For the first extraction, add 8 ¢ .c. of hot water, 1.5 ¢. ¢. of 
ammonia (3 ¢. ¢. in case of cheese), 10 c. c. of alcohol, and 25 «. e. 
of each ethyl and petroleum ethers. Shake thoroughly after the 
addition of the water and the ammonia; one-half minute after the 
addition of the alcohol, and 20 seconds after the addition of each 
of the two ethers. 

Centrifuge 30 turns, taking one-half minute. 
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For the second extraction, add neither water nor ammonia. 
Add 5 ¢. ¢. of alcohol, 25 e. ¢. each of ethyl and petroleum ether 
and shake 20 seconds after the addition of each reagent. 


Centrifuge 30 turns, taking one-half minute. 

If necessary to raise the dividing line, add the necessary dis- 
tilled water just before pouring off the ether solution in the sec- 
ond extraction. 

After evaporating off the ether, heat the dish with the fat in 
the vacuum oven at 135° C. for five minutes with not less than 20 
inches of vacuum. Cool in the cooling desiccator for seven 
minutes. 

Weigh rapidly. Record results and calculate the percentage 
of fat. 


HOW TO TEST SKIM-MILK POWDER, BUTTERMILK POWDER, 
AND WHOLE MILK POWDER FOR FAT. 

Follow the method of sampling recommended under these 
products in Chapter VI. To weigh the sampale, use either the but- 
ter boat or weigh directly into the extraction flask suspended 
from the balance arm. Use about 1 gram sample. 

For the first extraction, add 8.5 c. c. of hot water, 1.5 ¢. ¢. 
of ammonia (8 ¢. ec. in case of buttermilk), 10 ¢. c. of aleohol, and 
25 ¢e. e. each of ethyl and petroleum ether. Shake thoroughly 
after adding water, again after adding ammonia, one-half minute 
after the addition of the alcohol, and 20 seconds after the addition 
of each of the two ethers. 

Centrifuge 30 turns, taking one-half minute. 

For the second extraction, add neither water nor ammonia. 
Add 5 ¢.e. of alcohol, and shake for 20 seconds. In the case of 
skim-milk powder, and buttermilk powder, add 15 ¢.c. each of 
ethyl and petroleum ether. In the case of whole milk powder 
add 25 e. e. each of ethyl and petroleum ether. 

Centrifuge 30 turns, taking one-half minute. 

If necessary to raise the dividing line, add the necessary dis- 
tilled water just before pouring off the ether solution, in the sece- 
ond extraction. 

After evaporating off the ether, heat the dish with the fat in 
the vacuum oven for five minutes with not less than 20 inches of 
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vacuum. Cool in the cooling desiccator at room temperature for 
seven minutes. 

Weigh rapidly. Record results and calculate the percentage 
of fat. 


ORDER OF OPERATIONS IN TESTING EVAPORATED MILK 
FOR BUTTERFAT AND TOTAL SOLIDS WITH THE 
MOJONNIER TESTER. 


In the following outline, the procedure described is that used 
in the case of evaporated milk. The procedure used in the case of 
other products is much the same, but as mentioned both in Chap- 
ter VI and elsewhere in this chapter, differences may occur in the 
methods of sampling the products; of weighing the samples; the 
size of the samples to use; the quantity of water or other reagent 
to add; the method of shaking, and the method of centrifuging. 
The outline presumes that only one operator is doing the work. 
When speed is required, a helper to the operator can materially 
shorten the time required. In that case, the order of operations 
will need to be slightly modified. 

1. Place the respective dishes in the vacuum ovens and keep 
them therein for at least five minutes, while the ovens are heated, 
with the vacuum on. 

2. Transfer the respective dishes to the cooling desiccators ; 
turn on the pump, and set the bell for five minutes for solids, and 
seven minutes for fat. 

3. Weigh the solids dish first, being careful to put the cover 
upon the dish, and record the weight and the number, upon the 
laboratory report. Put the dish back into the cooling desiccator. 

4. Weigh the fat dish without the cover. Record the weight 
and the number upon the laboratory report, and put the fat dish 
into the cooling oven. 

5. Fill one 5 gram and one 1 gram pipette with milk, and 
place them upon the weighing cross, or weighing rack, or pref- 
erably, weigh the solids sample directly into the solids dish. 

6. Weigh the above and record the weight upon the labora- 
tory report upon the line entitled ‘‘pipettes plus sample.”’ 

7. Transfer the milk in the 5 grams pipette to the extraction 


flask, and return the empty pipette to the weighing cross, or to 
the weighing rack, 
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8. Weigh again, and record the weight in the fat column upon 
the line entitled ‘‘pipettes.”’ 

9. Also record the above weight in the solids column of the 
laboratory report, upon the line entitled ‘‘dish or pipettes plus 
sample.’’ This operation may be omitted if the solids sample 
is weighed directly into the solids dish. 

10. Transfer the milk from the one gram pipette to the 
weighed solids dish, and return the pipette to the weighing cross, 
or to the weighing rack, or preferably, obtain the weight of the 
solids sample by weighing it directly into the solids dish. 

11. Place the weighing cross or the weighing rack upon the 
balance ; weigh, and record the weight upon the line entitled ‘‘dish 
or pipette.’’ This operation may be omitted if the solids sample 
is weighed directly into the solids dish. 

12. Add sufficient distilled water to the milk in the dish to 
make a total volume of 2 c. c. of liquid. Mix and distribute even- 
ly, and place the dish upon the solids hot plate. 

18. When evaporation has taken place, transfer the dish to 
the solids oven. 

14. Turn on the vacuum, and set the bell for ten minutes. 

15. At this point take the extraction flasks with the milk in 
the same, and make the first extraction. Centrifuge, and pour 
the ether into the fat dish. 

16. Make the second extraction, same as under 15. 

17. During the above period, the solids bell will ring, and the 
solids dish should be transferred to the cooling desiccator, and the 
bell set for five minutes. 

18. Ag soon as the ether has evaporated, place the dish in the 
fat oven; turn on the vacuum, and set the bell for five minutes. 

19. When the bell for the solids side rings, weigh the dish, 
and record the weight. 

20. When the test bell for the fat side rings, transfer the 
dish to the cooling desiccator, and set the bell again for seven 
minutes. 

21. Complete the subtractions upon the laboratory report. 

92. Weigh the fat dish; turn off the motor, and finish the 
calculations. 
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23. From the tests obtained, determine what material to add 
to standardize the batch. 


LIST OF PRECAUTIONS TO OBSERVE IN MAKING FAT TESTS 
UPON THE MOJONNIER TESTER. 


(1.) Before the reagents are put into the cans, the cans should 
be throughly cleansed by washing all parts, first with warm wa- 
ter, then with alcohol and finally with ether. Every third or 
fourth time that the cans are filled, empty out the last portion of 
the reagents, and use the same for cleaning purposes, unless tests 
prove the same to be of proper quality. 

(2.) The bottom of all dishes should be kept as flat as possi- 
ble. Any bulging should be worked out by resting the dishes 
upon the marble plate, in front of the balance, and rubbing the 
entire surface with the thumbs. The operator should observe 
this every time that the dishes are cleaned. This is very impor- 
tant. 

(3.) The calcium chloride in the cooling desiceators should be 
changed every three or four weeks. The same calcium chloride 
may be used over and over, by drying the moist calcium chloride 
in the tin dishes by placing the same upon the hot plate held at 
185° C. for at least five hours. However, the better method is to 
use a fresh supply, as soon as the supply in the desicecators be- 
comes saturated. 


(4.) The bottles should be whirled in the centrifuge until the 
ether extraction is perfectly clear. About 80 turns in half a min- 
ute is recommended. For sweetened condensed milk this time 
must be doubled. 


(5.) Be sure to keep the extraction flasks perfectly clean. 
Wash often with sulphuric acid and washing powder, if neces- 
sary. If particles cling to the sides, put in small shot, washing 
powder and hot water, and shake thoroughly. 

(6.) Keep the temperature regulated as near to standard 
temperature as possible. 

(7.) Never pour off the ether solution into a hot dish. Re- 
move the dish from the plate before the second extraction is run 
into the dish. 
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(8.) Be careful to pour off the ether into the dishes slowly at 
first, and gradually increase the stream. 

(9.) In using the weighing pipettes, make sure that the neck 
of the flask is free from water when the pipette is inserted. 

(10.) Always use clean and dried pipettes. 


POSSIBLE CAUSES FOR HIGH FAT TESTS. 


If the results upon fat are high as compared with the check 
results, the cause may be one or more of the following: 

(1.) Not keeping the bottom of the dishes flat. 

(2.) Improper shaking and centrifuging shown by non-fatty 
residue in the dish. 

(3.) Impure reagents. (If in doubt, run test upon reagents 
substituting water for milk.) 

(4.) Temperature in fat oven too low. 

(5.) Dirt has gotten into the dish after the ether was poured 
into it. 

(6.) Improper reading or posting of weights. Weights have 
lost weight from use. 

(7.) Weighing the dish containing the fat at a lower tem- 
perature than prevailed when the dish was weighed empty. 


POSSIBLE CAUSES FOR LOW FAT TESTS. 


If the results on fat are low as compared with check results, 
the cause may be one or more of the following: 

(1.) Leaky corks. Use best corks obtainable. 

(2.) Insufficient shaking. 

(3.) Adding too much water, or too little alcohol. 

(4.) Having dividing line too low, so that too much ether is 
left behind. If such is the case, add more water to bring the line 
to the proper height, before pouring off, or make a third extrac- 
tion. 
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(5.) Too high temperature in the vacuum oven. 

(6). Insufficient water circulating through the cooling desic- 
eator. The water tank must be kept filled, and the circulating 
pump must be kept in good working order. 

(7.) Improper reading or posting of weights. 

(8). Spattering of the fat in the oven due to transferring the 
dish to the oven before the ether solution has all evaporated, or 
if too high heat is carried in the vacuum oven. 

(9.) Weighing the dish at a higher temperature than pre- 
vailed when the dish was weighed empty. 

The preceding summary contains all the essential facts neces- 
sary for making both fat tests and total solids tests when using 
the Mojonnier Tester. This is arranged so the operator can tell 
at a glance just how to proceed when testing any given dairy 
product. 

For the convenience of the operator the table gives informa- 
tion regarding total solids tests which are covered in Chapter 
VIII, to which the reader is referred. 


CHAPTER VIII 


DIRECTIONS FOR MAKING TOTAL SOLIDS 
TESTS USING THE MOJONNIER 
MILK TESTER 


OUTLINE OF METHOD. 


The method for making total solids tests taking fresh milk as 
a typical example is in brief as follows: 

Weigh about 2 grams of milk in the flat bottomed, three inch 
diameter by one inch high aluminum dish, as illustrated under 
Figs. 54 and 55. Spread the milk in a thin film over 
the entire bottom of the dish. Place the dish in direct 
contact with the outside hot plate, having a tempera- 

ai ture of as near 180° C. as possible. Hold the dish 

Solids Dish. upon the plate until the first trace of brown begins to 
appear. Then transfer the dish to the vacuum oven having a tem- 
perature of 100° C. Keep the dish in the oven for 10 minutes 
under a vacuum of not less than 20 inches. Transfer to the cool- 
ing desiccator, and hold it there for five minutes, with the water 
circulating pump operating continuously. Weigh rapidly. Record 
the weights and calculate the percentage of total solids. 

Such modifications of the above method, as may be necessary 
in the case of various dairy products will be discussed further in 
this chapter. 


The successive steps involved in the entire method will now be 
discussed in careful detail. 


HOW TO WEIGH THE SAMPLES FOR THE SOLIDS TEST. 


The samples for the solids test can be weighed by means of the 
weighing cross, or the weighing pipette, as described under Chap- 
ter VII. In many cases it is best to weigh the samples directly 
into the solids dish, as illustrated under Fig. 55 on next page. The 
method of weighing that has been found by experience to give 
the best results, is recommended under each separate product. 


evs) 
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Fig. 55. Weighing the Solids Sample. 


WEIGHT OF SAMPLE TO TAKE FOR SOLIDS TEST. 


The weight of sample required varies from .25 gram in the case 
of sweetened condensed milk, to 2.00 grams in the case of whole 
milk. It is very important to adhere as closely as possible to the 
size of sample recommended in the case of each separate product. 
The use of too large a sample will very likely cause high results. 
Too small a sample may introduce inaccuracies, and may cause 
either too high or too low results. 


HOW TO HANDLE THE DISHES AFTER THE SAMPLES HAVE 
BEEN WEIGHED IN THE SAME. 


The dishes with the samples after weighing, if not convenient 
to treat immediately upon the outside hot plate, should be placed 
either upon the marble plate which supports the balance, or they 
should be transferred to the cooling desiccator. In no case should 
they be kept upon the outside hot plate support, as that causes 
evaporation, and makes it subsequently difficult to mix properly 
with water. Water should be added to the samples, where neces- 
sary, aS soon as possible after weighing, and the test carried 
through without stopping between the various operations. 


HOW TO ADD WATER TO THE SAMPLES IN THE SOLIDS DISH. 


When necessary to add water, always use the best distilled wa- 
ter. It is well to run a blank upon the water to determine if it is 
free from solid matter. Reject any water that may contain any 
solid matter. Add sufficient water to make up a total volume that 
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should not exceed 2 ¢. c., in the case of the great majority of prod- 
ucts. Mix the sample with the water in the dish, so that the con- 
tents will be distributed uniformly over the bottom of the dish. 
In the ease of several of the dairy products, this important opera- 
tion requires considerable skill and care. The necessary precau- 
tions will be found in the paragraphs describing the method of 
testing the various products. 


HOW TO TREAT THE SAMPLE UPON THE. OUTSIDE SOLIDS 
HOT PLATE. 

It is very important to have the outside hot plate as near 
180° C. as possible. If a temperature of more than 180° C. is used, 
there is great danger of the sample spattering out of the dish. If 
a temperature of less than 180° C. is used, the operation will be re- 
tarded, and the substance dries in the form of a smooth crust from 
which it is difficult to remove the last remaining traces of water. 
Heat the sample in the dish until it just begins to turn brown. 

Lou This is one of the most important steps in 

"/ the entire operation, and unless properly 

watched an error may be introduced at this 
point. Insufficient heating may give high 
results, and over-heating may give low re- 
sults. Use the dish contact maker illustrated 
under Fig. 56, to press the bottom of the 
dish upon the hot plate. The dish should be 
so manipulated that vigorous boiling takes 


it place upon the entire surface of the bottom 


Fig. 56. Dish Contact : 
Maker. Used to Press the of the dish. 
Dish Against the Hot 

Plate. 


TEMPERATURE AND VACUUM TO MAINTAIN IN THE SOLIDS 
OVEN. 

Keep the solids oven at a temperature as near 100° C. as pos- 
sible. This applies to all products to be tested. Also see that 
there are at least 20 inches of vacuum upon the vacuum oven. If 
the Tester is properly operated, it should be possible to maintain 
25 inches of vacuum at all times. 

If for any reason, such for example as breakdown of the motor, 
it should be impossible to operate the power unit, the test can be 
completed in one and one-half hours without vacuum. If a 


TREATMENT OF SoLips DisH 125 


vacuum of less than 20 inches only is obtainable, the time of 
holding the sample in the oven should be proportionately in- 
creased. As a general rule, the recommendation is as follows, in 
the case of products where the standard is 10 minutes: 


Vacuum upon solids oven in How long to keep dishes in oven 
inches. under corresponding vacuum. 
20 to 25 10 minutes 
15 to 20 20 4 
10 to 15 30 Se 
5 to 10 40 s 
no vacuum 90 es 


HOW LONG TO RETAIN THE DISH IN THE SOLIDS OVEN. 
This varies with the product to be tested. The minimum time is 
10 minutes, and in the case of sweetened condensed milk, in order 
to get absolute results, it is best to dry the samples one and one- 
half hours. 
HOW TO COOL THE SOLIDS DISH. 
Promptly transfer the dish from the oven to the cooling desic- 
cator, and keep it therein for five minutes, with the water circulat- 


ing during this time. 
HOW TO WEIGH THE SOLIDS DISH. 


Always weigh the solids dish with the dish cover upon the dish. 
Make the weighings as rapidly as possible, as otherwise the sam- 
ple is quite likely to absorb moisture from the atmosphere. As in 
the case of the fat tests, a systematic method should be adopted 
for recording all data pertaining to the solids tests. A satisfac- 
tory blank report is illustrated under Fig. 53, Chapter VII. 


HOW TO CALCULATE THE PERCENTAGE OF TOTAL SOLIDS. 


Divide the weight of the total solids by the weight of the sam- 
ple taken, and multiply the result by 100, or move the decimal 
point two places to the right, which will give the percentage of to- 
tal solids in the sample. Example. Weight of solids found equals 
2426 gram. Weight of sample taken equals 2.0216 grams. 

.2426 — 2.0216 = .1200 

1200 « 100 = 12.00, or the per cent of total solids in 

the sample. 
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HOW TO TEST FRESH MILK, SKIM-MILK, WHEY AND BUTTER- 
MILK FOR TOTAL SOLIDS. 


Follow the directions of sampling given in Chapter VI. To 
weigh the sample, use either the weighing cross, or the weighing 
pipette, using the 2 grams pipettes, or weigh the sample directly 
into the dish upon the balance pan. Use about 2 grams sample. 
Add no water. Spread the milk in a thin film over the entire bot- 
tom of the dish. Now place the dish in direct contact, upon the 
outside hot plate, which should have a temperature of 180° C., 
and heat the dish until the first traces of brown begin to appear 
in the residue. Transfer the dish to the vacuum oven at a temper- 
ature of 100° C. Keep in the vacuum oven for 10 minutes under 
not less than 20 inches of vacuum. Transfer to the cooling desic- 
eator, and hold it there for 5 minutes with the water circulating, 
pump operating continuously. Weigh rapidly. Record weights, 
and calculate the percentage of total solids. 


HOW TO TEST EVAPORATED MILK AND ALL UNSWEETENED 
CONDENSED MILKS, INCLUDING CONDENSED BUTTERMILK, 
FOR TOTAL SOLIDS. 

‘Follow the directions of sampling given in Chapter VI. To 
weigh the sample, use either the weighing cross, or the weighing 
pipettes, using the one gram pipettes, or weigh’ the sample directly 
into the dish upon the balance pan. Use one gram sample in all 
cases, except in the cases of extra heavy superheated plain bulk 
condensed milk and condensed buttermilk, in which cases .50 
gram sample should be taken. Add one ec. ec. of water to the 
sample in the dish in all cases, excepting in those of extra heavy 
superheated plain bulk condensed milk and condensed buttermilk, 
in which eases 2 ¢. c. of water should be added. Mix the milk and 
added water and spread in a thin film over the entire bottom of 
the dish. Now place the dish in direct contact upon the outside 
hot plate at a temperature of 180° C., and heat the dish until the 
first traces of brown begin to appear in the residue. Transfer the 
dish to the vacuum oven at a temperature of 100° C. Keep in the 
vacuum oven for 10 minutes under not less than 20 inches of vacu- 
um. Transfer to the cooling desiccator, and hold it there for five 
minutes with the water circulating pump operating continuously. 
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Weigh rapidly. Record weights, and calculate the percentage of 
total solids. 


HOW TO TEST SWEETENED CONDENSED MILK FOR TOTAL 
SOLIDS. 

Follow the directions of sampling given in Chapter VI. To 
weigh the sample use either the weighing cross or the weighing 
pipette, taking one gram pipette, or weigh the sample directly into 
the dish upon the balance pan. It is usually most convenient to 
use the same pipette that was used for weighing out the sample 
for the fat test. When this is done, it becomes unnecessary to 
use an additional pipette for handling the solids sample. Use 
about .25 gram sample. This amounts to about four to five small 
drops. These drops should be placed in different parts of the dish 
so that the milk can be more readily dissolved by the water which 
is to be added later. Add 2 ¢.c. of hot water. Sweetened con- 
densed milk is comparatively slow in dissolving. It is very im- 
portant to make a good mixture of the milk with the water, and to 
spread the milk in a thin film over the entire bottom of the dish. 
When this is done, the dish should be placed in direct contact with 
the hot plate, having a temperature of 180° C. Heat the dish un- 
til the first traces of brown begin to appear in the residue. Trans- 
fer the dish to the vacuum oven at a temperature of 100° C. Keep 
in the vacuum oven for 20 minutes under not less than 20 inches of 
vacuum. This method, however, does not effect complete drying, 
and it is necessary to deduct .380 per cent from the total solids ob- 
tained. For example: If the total solids are found to be 73.86 
per cent when the sample was dried for 20 minutes, the .30 should 
be deducted which will give a net content of 73.56 per cent total 
solids. The results obtained with this method are almost identical 
with the results obtained when the sample is kept in the vacuum 
oven for 90 minutes under not less than 20 inches of vacuum, and 
without making any deductions from the results obtained by dry- 
ing for 90 minutes. This method is recommended particularly for 
factory control work where the element of time is so important, 
while the second method is recommended where the element of 
time is of no consequence. In either method, transfer the dishes 
to the cooling desiccator at the end of the drying period, and hold 
it in the desiccator for five minutes with the water pump operat- 
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ing continuously. Weigh rapidly. Record weights and calculate 
the percentage of total solids. On account of the small sample 
taken, and the general difficulties in the way of sampling and test- 
ing sweetened condensed milk, every possible precaution must be 
exercised in the testing of this product. 


HOW TO TEST ICE CREAM MIX FOR TOTAL SOLIDS. 

Follow the directions of sampling given in Chapter VI. To 
weigh the sample use either the weighing cross or the weighing 
pipette, or weigh the sample directly into the dish upon the bal- 
ance pan. In any ease, use about one gram sample. Add 1 e. e. 
of water. Spread the ice cream mix with the added water in a 
thin film over the entire bottom of the dish. Now place the dish 
in direct contact upon the outside hot plate having a tempera- 
ture of 180° C., and heat the dish until the first traces of brown 
begin to appear in the residue. Transfer the dish to the vacuum 
oven at a temperature of 100° C. Keep in the vacuum oven for 
10 minutes under not less than 20 inches of vacuum. Transfer to 
the cooling desiccator, and hold it there for five minutes with the 
water circulating pump operating continuously. Weigh rapidly. 
Record weights, and calculate the percentage of total solids. 


HOW TO TEST CREAM FOR TOTAL SOLIDS. 

Follow the directions of sampling given’in Chapter VI. To 
weigh the sample, use either the weighing cross, or the weighing 
pipette, using the two grams pipette. It is frequently necessary 
to weigh the sample directly into the dish upon the balance pan, 
or to weigh it in the butter boat. The method of weighing se- 
lected is to be governed by the mechanical condition of the sample 
to be tested. In the case of cream testing less than 25 per cent of 
butterfat, use one gram sample. In the case of cream testing 
more than 25 per cent of butterfat, use .50 gram sample. In the 
ease of cream testing less than 25 per cent of fat, add 1 c.c. of 
water to the sample in the dish. In the case of cream testing 
more than 25 per cent of fat, add 1.5 ¢.c. of water. Spread the 
milk with the added water in a thin film over the entire bottom 
of the dish. Now place the dish in direct contact upon the outside 
hot plate having a temperature of 180° C. and heat the dish until 
the first traces of brown begin to appear in the residue. Place 
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in the vacuum oven for 10 minutes under not less than 20 
inches of vacuum. Transfer to the cooling desiccator, and hold it 
there for five minutes with the water circulating pump operating 
continuously. Weigh rapidly. Record weights, and calculate the 
percentage of total solids. | 


HOW TO TEST MALTED MILK, MILK CHOCOLATE AND COCOA 
FOR TOTAL SOLIDS. 

Follow the directions of sampling given in Chapter VI. Weigh 
the sample directly into the dish upon the balance pan. Use 
about .30 gram sample. Add 2 c.c. of hot water. Spread the 
sample with the added water in a thin film over the entire bottom 
of the dish. Then place the dish in direct contact upon the out- 
side hot plate having a temperature of 180° C. and heat the dish 
until the first traces of brown begin to appear in the residue. 
Transfer the dish to the vacuum oven having a temperature of 
100° C. Keep in the vacuum oven for 20 minutes under not less 
than 20 inches of vacuum. Transfer to the cooling desiccator, 
and hold it there for five minutes with the water circulating pump 
operating continuously. Weigh rapidly. Record weights, and 
calculate the percentage of total solids. 


HOW TO TEST CHEESE FOR TOTAL SOLIDS. 


Follow the directions of sampling given in Chapter VI. Weigh 
the sample directly into the dish upon the balance pan. Weigh 
with the dish and the sample, a blunt pointed glass rod that can 
be used to break up any possible lumps of cheese that may later 
appear in the dish. Use about .50 gram sample. Add 1.5 ¢.c. of 
hot water. Spread the cheese with the added water in a thin 
film over the entire bottom of the dish. Use the glass rod to break 
up any lumps. Now place the dish in direct contact upon the 
outside hot plate having a temperature of as nearly 180° C. as 
possible, and heat the dish until the first traces of brown begin to 
appear in the residue. Transfer the dish to the vacuum oven 
having a temperature of 100° C. Keep in the vacuum oven for 
20 minutes under not less than 20 inches of vacuum. Transfer into 
the cooling desiccator, and hold it there for five minutes with the 
water circulating pump operating continuously. Weigh rapidly. 
Record results, and calculate the percentage of total solids. 
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HOW TO TEST BUTTER FOR TOTAL SOLIDS. 


Follow the method of sampling recommended in Chapter VI. 
Weigh the sample directly into the dish upon the balance pan. 
Use about one gram sample. Add no water. Heat the dish in di- 
rect contact upon the outside hot plate, having a temperature of 
180° C. until spattering ceases, or until the first traces of brown 
begin to appear in the residue. Transfer the dish to the vacuum 
oven having a temperature of 100° C. Keep in the vacuum oven 
for 10 minutes under not less than 20 inches of vacuum. Transfer 
to the cooling desiccator and hold it there for 5 minutes with the 
water circulating pump operating continuously. Weigh rapidly. 
Record results and calculate the percentage of total solids. 


HOW TO TEST SKIM-MILK POWDER, WHOLE MILK POWDER 
AND BUTTERMILK POWDER FOR TOTAL SOLIDS. 


Follow the directions of sampling as given in Chapter VI. 
Weigh the sample directly into the dish upon the balance pan. 
Use about .38 gram sample. Add 2 ec. c. of hot water and spread 
the sample with the water in a thin film over the entire bottom 
of the dish. Then place the dish in direct contact upon the out- 
side hot plate having a temperature of 180° C., and heat the dish 
until the first trace of brown begins to appear in the residue. 
Transfer the dish to the vacuum oven having a temperature of 
100° C. Keep in the vacuum oven for 10 minutes under not less 
than 20 inches of vacuum. Transfer to the cooling desiccator, and 
hold it there for 5 minutes with the water circulating pump oper- 
ating continuously. Weigh rapidly, record results, and calculate 
the percentage of total solids. 


POSSIBLE CAUSES FOR TOO HIGH SOLIDS TESTS. 


(1). Bottoms of dishes were not kept flat. 


(2). Evaporation upon the outside solids hot plate had not 
been carried far enough, or it had been done at an improper tem- 
perature. Do not remove dish until all visible moisture is off, or 
until the first trace of brown coloration appears. 


(3). Improper reading or recording of weights. Weights 
have lost weight from use. ‘ 
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(4). Dirt had fallen into dish after sample had been weighed 
into it. 

(5). Temperature in the vacuum oven was too low. 

(6). Vacuum was ‘not up to standard. 

(7). Too large a sample was taken, rendering it impossible 
to remove all the water under the conditions recommended. 

(8). Weighing the dish with the solids in the same at a lower 
temperature than prevailed when the dish was weighed empty. 


POSSIBLE CAUSES FOR TOO LOW TOTAL SOLIDS TESTS. 


(1). Sample was browned too much upon the outside hot 
plate, due either to too long exposure or to the use of too high 
temperature upon the hot plate. 

(2). Temperature in the vacuum oven was above 100° C. 

(3). Milk spattered from the dish. This will not happen if 
the temperature is kept at 180° C. 

(4). Improper reading or recording of the weights. 

(5). Water was not running through the cooler. 

(6). Weighing the dish with the solids in the same at a higher 
temperature than prevailed when the dish was weighed empty. 


SUMMARY OF METHODS RECOMMENDED FOR TESTING ALL 
DAIRY PRODUCTS FOR TOTAL SOLIDS. 


For this summary the reader is referred to Table 21 at the 
close of Chapter VII. This gives in a condensed form all the im- 
portant information required, covering the making of total solids 
tests when using the Mojonnier Tester. 


CHAPTER IX 


GENERAL INFORMATION REGARDING THE 
STANDARDIZING OF DAIRY 
PRODUCTS 


STANDARDIZATION DEFINED. 


Standardizing is defined as ‘‘comparing with a standard, or 
rendering standard.’’ As applied to the dairy industry, it has a 
very broad application, inasmuch as it is used with reference to 
methods of plant operation; the processing of various dairy prod- 
ucts and the physical, chemical and bacteriological limits permis- 
sible under a wide variety of products and conditions. 

In this book the emphasis is placed upon the standardization 
of the chemical constituents with especial reference to the fat and 
the solids not fat content of dairy products. These are the most 
important constituents of all dairy products both from a chem- 
ical and a commercial standpoint, Inasmuch as they affect both 
the quality and the cost of the finished products. 

Consideration will also be given to the standardization of 
products added in the manufacture of certain dairy products, 
such as the addition of sugar when manufacturing sweetened con- 
densed milk, or of sugar and gelatin when making ice cream. 

Standardization is usually understood to mean either the rais- 
ing or the lowering of either or of both the fat or solids not fat 
content of all dairy products to a certain fixed standard. 

In practice it is possible to standardize either the fat or the 
solids not fat alone, or the two constituents together in the same 
product. Where the two constituents are standardized, the same 
will be present in the finished product in a constant ratio, one to 
the other. Methods will be given for standardizing various dairy 
products under the two conditions named. 
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SUCCESSIVE STEPS INVOLVED IN STANDARDIZING. 

(a). When standardizing for one constituent only. 

The steps involved when standardizing a single constituent 
are as follows: 

(1). Obtaining a representative composite sample of the en- 
tire lot of product which makes up the batch, and likewise of the 
skim-milk or cream which may be used in standardizing. 

(2). Testing all of the above products for fat or total solids, 
depending upon the constituent to be standardized. Where ac- 
curate results are desired, these tests should be made upon the 
Mojonnier Tester. 

(3). Calculating the weight of each product to be used, by 
methods which will follow, and mixing the products together in 
the proper proportions. 

(b). When standardizing for both fat and solids not fat. 

The steps involved in standardizing dairy products for both 
fat and S. N. F. are as follows: 

(1). Obtaining a representative composite sample of the en- 
tire lot of milk which goes to make up the batch, and likewise of 
skim-milk and the cream which may be used in standard- 
izing. 

(2). Testing of all of the above products involved, for both 
fat and S. N. F. or T. S. by means of the Mojonnier Tester, ex- 
cepting that in the case of cream the 8. N. F. can be obtained by 
referring to Table 22 found in this chapter, instead of by actual 
test. 
(3). Calculating the weight of each product to be used by 
methods which will follow, in order to bring the fat and S. N. F. 
to the same ratio that they are to have in the standardized prod- 
uct that it is desired to make. If the resulting product should be 
over the desired standard, the necessary water is to be added to 
bring it back to the required test. 


METHOD OF OBTAINING COMPOSITE SAMPLES. 

The reader is referred to Chapter VI for methods recommended 
for obtaining representative samples of all the various dairy prod- 
ucts. It must be kept constantly in mind that accuracy of final 
results is impossible unless the samples taken are representative 
of the entire batch. 
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METHOD OF GETTING WEIGHTS OF THE PRODUCTS. 

The man who does the standardizing should be sure that the 
pounds of whole milk, likewise the pounds of cream and skim-milk 
used as well as the pounds of all other products involved are cor- 
rectly reported, and properly checked. If this part of the work 
is not properly done, large errors may be introduced in the work. 
In many plants it is impossible to weigh all the products accu- 
rately. In such cases the pounds should be obtained by multi- 
plying the volume by the specific gravity or by means of a grad- 
uated indicator upon the basis of definite weights of the product 
placed in the tank under the same temperature as obtain in prac- 
tice. 

METHOD OF TESTING RECOMMENDED. 


Where accurate results are desired, the Mojonnier Tester 
should be used for making both fat and total solids tests. Only 
approximate results can be obtained if other methods are used 
for making these determinations. 


METHOD OF CALCULATION TO USE. 


In subsequent chapters methods of calculation are given, cov- 
ering the entire range of important dairy products, under a wide 
variety of conditions. The reader is referred to these chapters 
for all details. For the sake of clarity, solutions are given by 
formula, by rule and by example, using simple arithmetic only. 


THE USE OF TABLES IN SHORTENING CALCULATIONS. 


Much time in making the calculations can be saved by using 
tables, the following of which are especially recommended: 


(1.) Table showing the percentage of S. N. F. and percentage 
of total solids corresponding to any given percentage of fat in 
cream. oe 

(2.) Table showing percentage of S. N. F. in various dairy 
products corresponding to any given percentage of fat. Tables 
of this kind can be prepared to cover all different dairy products. 
To prepare such tables, it is necessary to know the final composi- 
tion of the product desired. Several tables of this nature will be 
found in subsequent chapters, and the reader will find the proper 
explanation for their use in connection therewith. 
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Table 22 gives the corresponding percentage of fat, solids not 
fat and total solids in cream starting with a cream having a total 
solids content of 23.00 per cent and ending with a cream having a 
total solids content of 60 per cent. 

The values given were derived from the formula: 

Wi 1.097 -< T.S.— 9:70 
F = the percentage of fat 
T. S. = the percentage of total solids. 

The formula is based upon the assumption that on the average 
there are 100 parts of water for 9.70 parts of milk solids not fat. 
An example taking an actual test of cream for both fat and total 
solids using the Mojonnier Tester will serve to illustrate how the 
above formula is derived. The sample tested 45.20 per cent total 
solids and 39.88 per cent fat. 

100 — 45.20 = 54.80, per cent water in sample. 
45.20 — 39.88 = 5.38, per cent solids not fat in sample. 

To find parts or units of solids not fat for 100 parts of water, 
we have the ratio: 

64.80 : 100= 5.38 : X 

X — 9.70, the parts of solids not fat contained in 100 parts 

of water in cream of the above test. 

In some cases the actual test as found by means of the Mojon- 
nier Tester may be either a little higher or a little lower than the 
values given in the table. Inasmuch as the total pounds of cream 
used in standardizing, as a rule are not large, an error as above 
mentioned would not appreciably affect the final results. 
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TABLE 22. 
Percentages S. N. F. and T. S. in Cream Corresponding to Any Given Percentage 
of Fat. 


Hate SNe His dlens. Pate Ss NenC less Fat. |S. N. F.| T.S. 


15.53 7.47 | 23.00 | 17.78 7.27 | 25.05 || 20.03 ALD || Aridlv 
15.59 7.46 | 23.05 | 17.83 7.27 | 25.10 | 20.08 7.07 | 27.15 
15.64 7.46 | 23.10 | 17.89 7.2¢ | 20.16 |) 20.14 7.06 | 27.20 
15.70 7.45 | 23.15 | 17.94 7.26 | 25.20 |. 20.19 7.06 | 27.25 
15.75 7.45 | 23.20 | 18.00 7.25 | 25.25 || 20.25 7.05 | 27.30 
15.80 7.45 | 23.25 | 18.05 7.25 | 25.30 || 20.30 7.05 | 27.35 
15.86 7.44 | 23.30 | 18.11 7.24 | 25.35 | 20.36 7.04 | 27.40 
15.91 744 | 23.35 18.16 7.24 | 25.40 | 20.41 7.04 | 27.45 
15.97 7.43 | 23.40 | 18.22 7.23 | 25.45 | 20.47 7.03 | 27.50 
16.02 7.43 | 23.45 | 18.27 7.23 | 25.50 | 20.52 7.03 | 27.55 
16.08 7.42 | 23.50 |} 18.33 7.22 | 25.55 | 20.58 7.02 | 27.60 
16.13 7.42 | 23.55 | 18.38 7.22 | 25.60 | 20.63 7.02 | 27.65 
16.19 7.41 | 23.60 | 18.44 7.21 | 25.65 | 20.69 OU 27.40 
16.24 7.41 | 23.65 || 18.49 7.21 | 25.70 || 20.74 CAD | tlh 
16.30 7.40 | 23.70 | 18.55 7.20 | 25.75 | 20.80 7.00 | 27.80 
16.35 7.40 | 23.75 | 18.60 7.20 | 25.80 |} 20.85 7.00 | 27.85 
16.41 7.39 | 23.80 || 18.66 7.19 | 25.85 | 20.91 6.99 | 27.90 
16.46 7.39 | 23.85 | 18.71 7.19 | 25.90 | 20.96 6.99 | 27.95 
16.52 7.38 | 23.90 | 18.77 7.18 | 25.95 || 21.02 6.98 | 28.00 
16.57 7.88 | 23.95 | 18.82 7.18 | 26.00 | 21.07 6.98 | 28.05 
16.63 7.37 | 24.00 | 18.88 7.17 | 26.05 | 21.13 6.97 | 28.10 
16.68 7.387 | 24.05 | 18.93 7.17 | 26.10 | *21.18 6.97 | 28.15 
16.74 7.36 | 24.10 || 18.99 7.16 | 26.15 | 21.24 6.96 | 28.20 
16.79 7.36 | 24.15 | 19.04 7.16 | 26.20 21.29 6.96 | 28.25 
16.84 7.36 | 24.20 | 19.10 7.15 | 26.25 | 21.35 6.95 | 28.30 
16.90 7.35 | 24.25 | 19.15 7.15 | 26.30 } 21.40 6.95 | 28.35 
16.96 7.34 | 24.30 | 19.21 7.14 | 26.85 | 21.45 6.95 | 28.40 
17.01 7.34 | 24.35 | 19.26 7.14 | 26.40 | 21.51 6.94 | 28.45 
17.07 7.33 | 24.40 | 19.32 7.138 | 26.45 | 21.56 6.94 | 28.50 
17.12 7.33 | 24.45 | 19.37 7.13 | 26.50 | 21.62 6.93 | 28.55 
17.18 7.32 | 24.50 | 19.48 7.12 | 26.55 | 21.67 6.93 | 28.60 
17.23 7.32 | 24.55 | 19.48 7.12 | 26.60 | 21.73 6.92 | 28.65 
17.29 7.31 | 24.60 | 19.54 7.11 | 26.65 | 21.78 6.92 | 28.70 
17.34 7.31 | 24.65 || 19.59 7.11 | 26.70 | 21.84 6.91 | 28.75 
17.40 7.30 | 24.70 | 19.64 CAL | 26.75, 921-89 6.91 | 28.80 
17.45 7.30. | 24.75 | 19.70 7.10 | 26.80 6.90 | 28.85 
17.50 7.30 | 24.80 | 19.75 7.10 | 26.85 } 22.00 6.90 | 28.90 
17.56 7.29 | 24.85 19.81 7.09 | 26.90 | 22.06 6.89 | 28.95 
17.62 7.28 | 24.90 | 19.86 7.09 | 26.95 | 22.11 6.89 | 29.00 
17.68 7.27 | 24,95 19.92 7.08 | 27.00 | 22.17 6.88 | 29.05 
17.73 7.27 | 25.00 || 19.97 7.08 | 27.05 | 22.22 6.88 | 29.10 
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TABLE 22 (Continued). 


mb ING 1a 


6.87 
6.87 
6.86 
6.86 
6.85 
6.85 
6.84 
6.84 
6.83 
6.83 
6.82 
6.82 
6.81 
6.81 
6.80 
6.80 
6.79 
6.79 
6.79 
6.78 
6.78 
6.77 
6.77 
6.76 
6.76 
6.75 
6.75 
6.74 
6.74 
6.73 
6.73 
6.72 
6.72 
6.71 
6.71 
6.70 
6.70 
6.69 
6.69 
6.68 
6.68 


ANS Sh 


29.15 
29.20 
29.25 
29.30 
29.35 
29.40 
29.45 
29.50 
29.55 
29.60 
29.65 
29.70 
29.75 
29.80 
29.85 
29.90 
29.95 
30.00 
30.05 
30.10 
30.15 
30.20 
30.25 
30.30 
30.35 
30.40 
30.45 
30.50 
30.55 
30.60 
30.65 
30.70 
30.75 
30.80 
30.85 
30.90 
30.95 
31.00 
31.05 
31.10 
31.15 


— 


Fat 


24.53 
24.58 
24.64 
24.69 
24.75 
24.80 
24.86 
24.91 
24.97 
25.02 
25.07 
25.13 
25.18 
25.24 
25.29 
25.35 
25.40 
25.46 
25.51 
25.57 
25.62 
25.68 
25.73 
25.79 
25.84 
25.90 
25.95 
26.01 
26.06 
26.12 
26.17 
26.23 
26.28 
26.34 
26.39 
26.45 
26.50 
26.56 
26.61 
26.67 
26.72 


Soe Nie: 


6.67 
6.67 
6.66 
6.66 
6.65 
6.65 
6.64 
6.64 
6.63 
6.63 
6.63 
6.62 
6.62 
6.61 
6.61 
6.60 
6.60 
6.59 
6.59 
6.58 
6.58 
6.57 
6.57 
6.56 
6.56 
6.55 
6.55 
6.54 
6.54 
6.53 
6.53 
6.52 
6.52 
6.51 
6.51 
6.50 
6.50 
6.49 
6.49 
6.48 
6.48 


es: 


31.20 
31.25 
31.30 
31.35 
31.40 
31.45 
31.50 
31.55 
31.60 
31.65 
31.70 

31.75 | 
31.80 
31.85 
31.90 
31.95 
32.00 
32.05 
32.10 
32.15 
32.20 
32.25 
32.30 
32.35 
32.40 
32.45 
32.50 
32.55 
32.60 
32.65 
32.70 | 
32.75 
32.80 
32.85 
32.90 
32.95 
33.00 
33.05 
33.10 
33.15 
33.20 


== 


Fat 


26.78 


26.83 
26.88 
26.94 
26.99 
27.05 
27.10 
27.16 
27.21 
27.27 
27.32 
27.38 
27.43 
27.49 
27.54 
27.60 
27.65 
27.71 
27.76 
27.82 
27.87 
27.93 
27.98 
28.04 
28.09 
28.15 
28.20 
28.26 
28.31 
28.37 
28.42 
28.48 
28.53 
28.59 
28.64 
28.70 
28.75 
28.80 
28.86 
28.91 
28.97 


S.N.F/ T.S 
6.47 | 33.25 
6.47 | 33.30 
6.47 | 33.35 
6.46 | 33.40 
6.46 | 33.45 
6.45 | 33.50 
6.45 | 33.55 
6.45 | 33.60 
6.44 | 33.65 
6.43 | 33.70 
6.43 | 33.75 
6.42 | 33.80 
6.42 | 33.85 
6.41 | 33.90 
6.41 | 33.95 
6.40 | 34.00 
6.40 | 34.05 
6.39 | 34.10 
6.39 | 34.15 
6.38 | 34.20 
6.38 | 34.25 
6.37 | 34.30 
6.37 | 34.35 
6.36 | 34.40 
6.36 | 34.45 
6.35 | 34.50 
6.35 | 34.55 
6.34 | 34.60 
6.34 | 34.65 
6.33 | 34.70 
6.33 | 34.75 
6.32 | 34.80 
6.32 | 34.85 
6.31 | 34.90 
6.31 | 34.95 
6.30 | 35.00 
6.30 | 35.05 
6.30 | 35.10 
6.29 | 35.15 
6.29 | 35.20 
6.28 | 35.25 
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TABLE 22 (Continued). 


Fat 


29.02 
29.08 
29.13 
29.19 
29.24 
29.30 
29.33 
29.41 
29.46 
29.52 
29.57 
29.63 
29.68 
29.74 
29.79 
29.85 
29.90 
29.96 
30.01 
30.07 
30.12 
30.18 
30.23 
30.29 
30.34 
30.40 
30.45 
30.51 
30.56 
30.61 
30.67 
30.72 
30.78 
30.83 
30.89 
30.94 
31.00 
31.05 
31.11 
31.16 
31.22 


6.22 
6.21 
6.21 
6.20 


6.17 
6.17 


6.15 
6.15 


6.13 
6.12 
6.12 
6.11 


6.08 


Des: 


35.30 
35.35 
35.40 
35.45 
35.50 
35.55 
35.60 
35.65 
35.70 
35.75 
35.80 
35.85 
35.90 
35.95 
36.00 
36.05 
36.10 
36.15 
36.20 
36.25 
36.30 
36.35 
36.40 
36.45 
36.50 
36.55 
36.60 
36.65 
36.70 
36.75 
36.80 
36.85 
36.90 
36.95 
37.00 
37.05 
37.10 
37.15 
37.20 
37.25 
37.30 


Fat 


31.27 
31.33 
31.38 
31.44 
31.50 
31.55 
31.60 
31.66 
31.71 
31.77 
31.82 
31.88 


31.93 
31.99 
32.04 
32.10 
32.15 
32.21 
32.26 
32.31 
32.37 
32.42 
32.48 
02.53 
32.59 
32.64 
32.70 
32.75 
32.81 
32.86 
32.92 
32.97 
33.03 
33.08 
33.14 
33.19 
33.25 
33.30 
33.36 
33.41 
33.47 


8. N. F. 


6.08 
6.07 
6.07 
6.06 
6.05 
6.05 
6.05 
6.04 
6.04 
6.03 
6.03 
6.02 
6.02 
6.01 
6.01 
6.00 
6.00 
5.99 
5.99 
5.99 
5.98 
5.98 
5.97 
5.97 
5.96 
5.96- 
5.95 
5.95 
5.94 
5.94 
5.93 
5.93 
5.92 
5.92 
5.91 
5.91 
5.90 
5.90 
5.89 
5.89 
5.88 


Ue ish 


37.35 
37.40 
37.45 
37.50 
37.55 
37.60 
37.65 
37.70 
37.75 
37.80 
37.85 
37.90 
37.95 
38.00 
38.05 
38.10 
38.15 
38.20 
38.25 
38.30 
38.35 
38.40 
38.45 
38.50 
38.55 
38.60 
38.65 
38.70 
38.75 
38.80 
38.85 
38.90 
38.95 
39.00 
39.05 
39.10 
39.15 
39.20 
39.25 
39.30 
39.35 


Fat 


33.52 
33.58 
33.63 
33.69 
33.74 
33.80 
33.85 
33.91 
33.96 
34.02 
34.07 
34.18 
34.18 
34.23 
34.29 
34.34 
34.40 
34.45 
34.51 
34.56 
34.62 
34.67 
34.73 
*34.78 
34.84 
34.89 
34.95 
35.00 
35.06 
35.11 
35.17 
35.22 
35.28 
35.33 
35.39 
35.44 
35.50 
35.55 
35.61 
35.66 
35.72 


Se ING TDG] be Se 
5.88 | 39.40 
5.87 | 39.45 
5.87 | 39.50 
5.86 | 39.55 
5.86 | 39.60 
5.85 | 39.65 
5.85 | 39.70 
5.84 | 39.75 
5.84 | 39.80 
5.83 | 39.85 
5.83 | 39.90 
5.82 | 39.95 
5.82 | 40.00 
5.82 | 40.05 
5.81 | 40.10 
5.81 | 40.15 
5.80 | 40.20 
5.80 | 40.25 
5.79 | 40.30 
5.79 | 40.35 
5.78 | 40.40 
5.78 | 40.45 
5.77 | 40.50 
5.77 | 40.55 
5.76 | 40.60 
5.76 | 40.65 
5.75 | 40.70 
5.75 | 40.75 
5.74 | 40.80 
5.74 | 40.85 
5.73 | 40.90 
5.73 | 40.95 
5.72 | 41.00 
5.72 | 41.05 
5.71 | 41.10 
Osh. | 4105 
5.70 | 41.20 
5.70 | 41.25 
5.69 | 41.30 
5.69 | 41.35 
5.68 | 41.40 
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TABLE 22 (Continued). 

Fat Sa Neb oeS a Gee OaeNee Ee eler se Jae lish ING TBA) aD 
35.77 5.68 | 41.45 | 38.02 | 5.48 | 43.50 | 40.27 | 5.28 | 45.55 
35.83 5.67 | 41.50 | 38.07 | 5.48 | 43.55 | 40.32 | 5.28 | 45.60 
35.88 5.67 41.55 38.13 5.47 43.60 40.38 LSD 45.65 
35.94 5.66 | 41.60 | 38.18 | 5.47 | 43.65 | 40.43 | 5.27 | 45.70 
35.99 5.66 | 41.65 | 38.24 | 5.46 | 43.70 | 40.49 | 5.26 | 45.75 
36.04 5.66 | 41.70 | 38.30 | 5.45 | 43.75 | 40.54 | 5.26 | 45.80 
36.10 5.65 | 41.75 | 38.35 | 5.45 | 43.80 | 40.60 | 5.25 | 45.85 
36.15 5.65 | 41.80 | 38.40 | 5.45 | 43.85 | 40.65 | 5.25 | 45.90 
36.21 5.64 | 41.85 | 38.46 | 5.44 | 43.90 | 40.71 | 5.24 | 45.95 
36.26 5.64 | 41.90 | 38.51 | 5.44 | 43.95 | 40.76 | 5.24 | 46.00 
36.32 5.63 | 41.95 | 38.57 | 5.48 | 44.00 | 40.82 | 5.23 | 46.05 
36.37 5.63 | 42.00 | 38.62 | 5.43 | 44.05 | 40.87 | 5.23 | 46.10 
36.43 5.62 | 42.05 | 38.68 | 5.42 | 44.10 | 40.93 | 5.22 | 46.15 
36.48 5.62 | 42.10 | 38.73 | 5.42 | 44.15 | 40.98 | 5.22 | 46.20 
36.54 5.61 | 42.15 | 38.79 | 5.41 | 44.20 | 41.04 | 5.21 | 46.25 
36.59 5.61 | 42.20 | 38.84 | 5.41 | 44.25 | 41.09 | 5.21 | 46.30 
36.65 5.60 42.25 38.90 5.40 44.30 41.15 5.20 46.35 
36.70 5.60 | 42.30 | 38.95 | 5.40 | 44.35 | 41.20 | 5.20 | 46.40 
36.76 5.59 | 42.35 | 39.01 | 5.39 | 44.40 | 41.26 | 5.19 | 46.45 
36.81 5.59 | 42.40 | 39.06 | 5.39 | 44.45 | 41.31 | 5.19 | 46.50 
36.87 5.58 | 42.45 | 39.12 | 5.88 | 44.50 | 41.37 | 5.18 | 46.55 
36.92 5.58 | 42.50 | 39.17 | 5.88 | 44.55 | 41.42 | 5.18 | 46.60 
36.98 5.57 | 42.55 | 39.23 | 5.87 | 44.60 | 41.48 | 5.17 | 46.65 
37.03 5.57 | 42.60 | 39.28 | 5.37 | 44.65 | 41.53 | 5.17 | 46.70 
37.09 5.56 42.65 39.34 5.36 44.70 41.58 nla 46.75 
37.14 5.56 | 42.70 | 39.39 | 5.86 | 44.75 | 41.64 | 5.16 | 46.80 
37.20 5.55 | 42.75 | 39.45 | 5.35 | 44.80 | 41.69 | 5.16 | 46.85 
37.25 5.55 | 42.80 | 39.50 | 5.35 | 44.85 | 41.75 | 5.15 | 46.90 
Baul 5.54 42.85 39.56 5.34 44.90 41.80 5.15 46.95 
37.36 5.54 | 42.90 | 39.61 | 5.84 | 44.95 | 41.86 | 5.14 | 47.00 
31.42 5.53 42.95 39.67 5.00 45.00 41.91 5.14 47.05 
37.47 5.53 | 43.00 | 39.72 | 5.83 | 45.05 | 41.97 | 5.13 | 47.10 
Soe 5.52 43.05 39.77 Oso 45.10 42.02 ale 47.15 
37.58 eo 43.10 39.83 5.32 45.15 42.08 5.12 47.20 
37.64 5.51 43.15 39.88 5.32 45.20 42.13 5.12 47.25 
37.69 5.51 43.20 39.94 Oro 45.25 42.19 5.11 47.30 
Seo 5.50 43.25 40.00 5.30 45.30 42,24 Dold 47.35 
37.80 5.50 43.30 40.05 5.30 45.35 42.30 5.10 47.40 
37.85 5.50 43.35 40.10 5.30 45.40 42.35 5.10 47.45 
37.91 5.49 43.40 40.16 5.29 45.45 42.41 5.09 47.50 
37.96 5.49 43.45 40.21 5.29 45.50 42.46 5.09 47.55 

| 
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TABLE 22 (Continued). 

Fat SS ONG Es ian: Fat iS. N. F.| I. 8. Hat iS. N.F.| T.S 
42.52 5.08 47.60 44.77 4.88 49.65 | 47.01 4.69 oO 
42.57 5.08 47.65 44.82 4.88 49.70 || 47.07 4.68 SL 
42.63 5.07 47.70 44.88 4.87 49.75 47.12 4.68 51.80 
42.68 5.07 47.75 44.93 4.87 49.80 47.18 4.67 51.85 
42.74 5.06 47.80 44.99 4.86 49.85 47.23 4.67 51.90 
42.79 5.06 47.85 | 45.00 4.86 49.90 47,29 4.66 51.95 
42.85 5.05 47.90 45.10 4.85 49.95 47.34 4.66 52.00 
42.90 5.05 47.95 45.15 4.85 50.00 47.40 4.65 52.05 
42.96 5.04 48.00 45.20 4.85 50.05 47.45 4.65 52.10 
43.01 5.04 48.05 45.26 4.84 50.10 47.51 4.64 ded 
43.07 5.03 48.10 45.31 4.84 50.15 47.56 4.64 52.20 
43,12 5.03 48.15 45.37 4.84 50.20 47.62 4.63 §2.25 
43.18 5.03 48.20 45.42 4.83 50.25 47.67 4.63 52.30 
43.23 5.02 48.25 45.48 4.82 50.30 47.73 4.62 Dato 
43.29 5.01 48.30 45.53 4.82 50.35 47.78 4.62 52.40 
43.84 5.01 48.35 45.59 4.81 50.40 47.84 4.61 52.45 
43.39 5.01 48.40 45.64 4.81 50.45 47.89 4.61 52.50 
43.45 5.00 48.45 45.70 4.80 50.50 47.95 4.60 52.00 
43.50 5.00 48.50 45.75 4.80 50.55 48.00 4.60 52.60 
43.56 4.99 48.55 45.81 4.79 50.60 48.05 4.60 52.65 
43.61 4.99 48.60 | 45.86 4.79 50.65 48.11 4.59 52.70 
43.67 4.98 48.65 45.92 4.78 50.70 48.16 4.59 PACS) 
43.72 4.98 48.70 45.97 4.78 50.75 || .48.22 4.58 52.80 
43.78 4.97 48.75 46.03 ATE 50.80 48.27 4.58 52.85 
43.83 4.97 48.80 46.08 47 50.85 48.33 4.57 52.90 
43.89 4.96 48.85 46.14 4.76 50.90 48.38 4.57 52.95 
43.94 4.96 48.90 46.19 4.76 50.95 48.44 4.56 53.00 
44.00 4.95 48.95 46.25 475 51.00 48.49 4.56 53.05 
44.05 4.95 49.00 46.30 4.75 51.05 48.55 4.55 53.10 
44.11 4.94 49.05 46.36 4.74 51.10 48.60 4.55 53.15 
44.16 4.94 49.10 46.41 4.74 Olas) 48.66 4.54 53.20 
44,22 4.93 49.15 46.47 4.73 51.20 48.71 4.54 NSPS 
44.27 4.93 49.20 46.52 4.73 61225 48.77 4.53 53.30 
44.33 4.92 49.25 | 46.58 4.72 51.30 48.82 4.53 Oo-00 
44.38 4.92 49.30 46.63 4.72 51.35 48.88 4.52 53.40 
44.44 4.91 49.35 46.68 4.72 51.40 48.93 4.52 53.45 
44.49 4.91 49.40 46.74 4.71 51.45 48.99 4.51 53.50 
44.55 4.90 49.45 46.80 4.70 51.50 49.04 4.51 53.50 
44.60 4.90 49.50 46.85 4.70 Oleoo 49.10 4.50 53.60 
44.66 4.89 49.55 46.90 4.70 51.60 49.15 4.50 53.65 
44.71 4.89 49.60 46.96 4.69 51.65 4.49 53.70 
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TABLE 22 (Concluded) 

Fat So ING TBE 7008 Sh ahs |PSe INL IBS WR Se ites (Sh IN|, 14) GES. 
49.26 4.49 DOvOD ML ae/ 4.28 55.85 53.87 4.08 57.95 
49.32 4.48 53.80 51.62 4.28 55.90 53.92 4.08 58.00 
49.37 4.48 53.85 51.68 4.28 55.95 53.98 4.07 58.05 
49.43 4,47 53.90 | Sles 4.27 56.00 54.03 4.07 58.10 
49.48 4.47 53.95 51.78 4.27 56.05 54.09 4.06 58.15 
49,54 4,46 54.00 51.84 4.26 56.10 54.14 4.06 58.20 
49.59 4.46 54.05 51.89 4.26 56.15 54.20 4.05 58.25 
49.65 4.45 54.10 51.95 4.25 56.20 54.25 4.05 58.30 
49.70 4.45 54.15 52.00 4.25 56.25 54.31 4.04 58.35 
49.76 4,44 54.20 52.06 4.24 56.30 54.36 4.04 58.40 
49.81 4.44 54.25 BPANUL 4,24 56.35 54.42 4.038 58.45 
49.86 4.44 54.30 52.17 4,23 56.40 54.47 4.03 58.50 
49.92 4.43 54.35 Se Daps 4.23 56.45 54.53 4.02 58.55 
49.97 4.43 54.40 52.28 4,22 56.50 54.58 4.02 58.60 
50.03 4.42 54.45 5)3333 4,22 56.55 54.64 4.01 58.65 
50.08 4,42 54.50 52.39 4.2] 56.60 54.69 4.01 58.70 
50.14 4.41 54.55 52.44 4.21 56.65 54.75 4.00 58.75 
50.19 4.41 54.60 52.50 4.20 56.70 54.80 4.00 58.80 
50.25 4.4] 54.65 o2200 4.20 56.75 54.86 3.99 58.85 
50.30 4.40 54.70 52.61 4.19 56.80 54.91 3.99 58.90 
50.36 4.39 54.75 52.66 4.19 56.85 54.97 3.98 58.95 
50.41 4.39 54.80 Ooaie 4.18 56.90 55.02 3.98 59.00 
50.47 4.38 54.85 SPAN TE 4.18 56.95 55.08 3.97 59.05 
50.52 4.38 54.90 52.83 4.17 57.00 Dosa 3.97 59.10 
50.58 4.37 54.95 52.88 4.17 57.05 55.19 3.96 59.15 
50.63 4.37 55.00 52.94 4.16 BO) 55.24 3.96 59.20 
50.69 4.36 55.05 52.99 4.16 alo 55.29 3.96 59.25 
50.74 4.36 55.10 53.05 4.15 57.20 a 335) 3.95 59.30 
50.80 4.35 DY) WS) 53.10 4.15 eZo 55.40 3.95 59.35 
50.85 4.35 55.20 53.16 4,14 57.30 55.46 3.94 59.40 
50.91 4.34 Si PAD) Sey Vall 4.14 DOO Oozoll 3.94 59.45 
50.96 4.34 55.30 SB dL. 4.13 57.40 55.57 3.93 59.50 
51.02 4.33 55.35 53002 4.13 57.45 55.62 3.93 59.55 
51.07 4.33 55.40 53.38 4,12 57.50 55.68 3.92 59.60 
oles 4.32 55.45 53.438 4.12 O00 55.73 3.92 59.65 
51.18 4.32 55.50 53.49 4.11 57.60 55.79 3.91 59.70 
51.24 4.31 0000 53.54 AMT BAGS) 55.84 3.91 59.75 
51.29 4.31 55.60 53.60 4.10 57.70 55.90 3.90 59.80 
O1LSo 4.30 55.65 53.65 4.10 Diao 55.95 3.90 59.85 
51.40 4.30 55.70 53.70 4.10 57.80 56.01 3.89 59.90 
51.46 4.29 S505) 53.76 4.09 57.85 56.06 3.89 59.95 
S150 4,29 55.80 53.81 4.09 57.90 56.12 3.88 60.00 
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ORDER OF OPERATIONS IN STANDARDIZING DAIRY PRODUCTS. 


The following order of operations is typical of that recom- 
mended in standardizing the majority of dairy products. 


The order as given will have to be departed from in some cases, 
but where possible to follow it can be. the means of saving con- 
siderable time. Owing to the perishable nature of dairy prod- 
ucts it becomes necessary to study the various operations with 
the view of saving time where possible. 


(1.) Test as far in advance as possible all products that may 
be required when standardizing. Tests should include both fat and 
total solids where standardization might require both values to 
be known. 


(2.) About half an hour before the composite whole milk 
sample is ready, do everything necessary to begin making fat and 
total solids tests of the whole milk. Duplicate tests are recom- 
mended. If the operator is very careful in his work, a single de- 
termination may suffice. 


(3.) Keep the fat and total solids dishes in the respective 
ovens for five minutes under the proper heat and with the vac- 
uum on. 


(4.) Transfer the dishes from the ovens,to the cooling desic- 
eators. Keep water circulating. Weigh the total solids dish with 
the cover on at the end of five minutes, and the fat dish alone at 
the end of seven minutes. Record weights and numbers upon the 
laboratory report. Replace dishes in the cooling desicecators. 


(5.) As soon as the composite whole milk sample reaches the 
laboratory, mix it thoroughly by pouring back and forth at least 
six times into two vessels. 


(6.) Fill two gram pipette to the mark, and transfer the 
milk to the previously weighed dish and weigh the dish with the 
milk immediately. Or if preferred, the sample in the two gram 
pipette can be weighed from the weigh cross, or the weighing 
pipette. 

(7.) While one operator is weighing the sample as directed 


under (6) the second operator pipettes out 10 grams of whole milk 
into the fat extraction flask. 
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(8.) One operator now prepares the total solids sample for 
the total solids oven and the second operator the fat sample for 
the fat oven. Dishes are heated in ovens, cooled in cooling desic- 
eators and weighed in accordance with the directions. 

(9.) Calculate the percentage of fat and the percentage of 
total solids and transfer the result to the proper report blank. 

(10.) Calculate the average pounds of material to add, using 
the proper method of calculation. 

(11.) Calculate the average fat and total solids test after 
having added the required pounds of skim-milk or cream. 

(12.) Caleulate the pounds of water required, if any is nec- 
essary. Make retest for fat and total solids after adding water. 


PRINCIPLES OF METHOD OF CALCULATION WHEN STANDARD- 
IZING FOR BOTH FAT AND SOLIDS NOT FAT. 


In standardizing for both fat and solids not fat, the exact per- 
centage of these two constituents desired in the finished product 
must be known. A definite ratio between the two then exists as 
soon as the composition has been established. This ratio forms 
the basis for the entire calculation, inasmuch as the problem then 
resolves itself into calculating the pounds of fat and solids not fat 
required in any desired mixture of dairy products so that these 
may be in the same ratio one to the other as in the case of the 
product desired. 

For example, evaporated milk, testing 8.00 per cent fat, 18.15 
per cent solids not fat and 26.15 per cent total solids contains fat 
and solids not fat in the following ratio: 

SH UCR S spa Vas -=—el ble 9. 

X = 2.2687, the pounds solids not fat that a standardized 

batch should contain for every pound of fat present. 

The ratio can be calculated in several ways, which will be ex- 
plained in subsequent chapters. 


CHAPTER X 


CALCULATIONS WHEN STANDARDIZING 
WHOLE MILK AND CREAM 


In standardizing milk for its fat content without regard to its 
percentage of solids not fat, the usual practice is to add cream 
when it is necessary to raise the percentage of fat; and to add 
skim-milk when it is necessary to lower it. However, in the case 
of certain whole milk products it is frequently necessary to stand- 
ardize upon the double basis of fat and solids not fat. 

In standardizing cream it is seldom necessary, or desirable, to 
standardize upon any basis other than the fat alone. This is 
owing to the greater value of the fat as compared with the solids 
not fat, and also to the fact that the solids not fat in cream are 
always lower than in whole milk, and the same vary ereany with 
the content of the fat in the cream. 


In this chapter there are given methods of calculation covering 
the standardization of whole milk and cream upon the basis of 
the fat alone, and upon the double basis of the fat and solids not 
fat in the case of whole milk. 


A. HOW TO CALCULATE WHEN STANDARDIZING FOR FAT 
ALONE. 


The best method for standardizing for fat alone is the classic 
method devised by Prof. Pearson,’ or modifications of the Pearson 
method. This method is applicable to two different types of 
problems as follows: (1) When it is desired to make a product 
of definite fat test regardless of the resulting total weight; and 
(2) when it is desired to make a definite weight of product of a 
definite fat test. This method and its modification can be applied 
to milk, cream and several other dairy products. © 


[144] 
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PROBLEM 1: HOW TO CALCULATE WHEN IT IS DESIRED TO 
MAKE A PRODUCT OF DEFINITE FAT TEST REGARDLESS 
OF THE RESULTING TOTAL WEIGHT. 


A rectangle is drawn and the desired percentage of fat is 
placed in the center of it. The percentage of fat in each of the 
materials to be mixed together is placed at the left hand corners. 
The smaller number on the left hand corner is then subtracted 
from the number in the center, and the difference is placed in 
the diagonally opposite right hand corner. The number in the 
center is subtracted from the larger number at the left hand cor- 
ner and the difference is placed in the diagonally opposite right 
hand corner. The two numbers at the right hand corners repre- 
sent the number of pounds of each material to bring together in 
order to make a mixture containing the fat percentage indicated 
in the center of the rectangle. The number on the right hand 
corner refers to the substance represented by the number on the 
left hand corner directly opposite. 


PROBLEM 1: HOW TO CALCULATE WHEN MIXING TOGETHER 
WHOLE MILK AND CREAM. 
Standardizing for Fat Only. 


Problem 1, Example 1: How many pounds of 30 per cent 
cream must be mixed with 900 pounds of 3.2 per cent milk to make 
a mixture testing 3.6 per cent of fat? 


30 4 
3.6 
3.2 26.4 


The smaller figure at the left is subtracted from the figure at 
the center, leaving a difference of .4. The figure at the center is 
subtracted from the larger figure at the left, leaving a difference 
of 26.4. This shows that .4 of a pound of 30 per cent cream must 
be mixed with 26.4 pounds of 3.2 per cent milk to form a mixture 
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containing 3.6 per cent of fat. A caleulation by simple proportion 
will give the total pounds of cream required as follows: 
Ae 2604 ak 900 
X = 13.64, or the pounds of cream required. 
Proof: 
900  .032= 28.80, lbs. fat in whole milk. 
13.64& 80 4.09, lbs. fat in cream. 
28.80+ 4.09 = 32.89, Ibs. fat in mixture. 
* 900-+ 13.64 =913.64, Ibs. in total mixture. 
32.89--913.64 = 0.036, lbs. fat for one lb. of milk. 
0.086100 = 3.60, per cent fat desired. 


| 


PROBLEM 1. EXAMPLE 2: HOW TO CALCULATE WHEN MIXING 
TOGETHER WHOLE MILK AND BUTTER TO MAKE CREAM. 


Problem 1, Example 2: How many pounds of butter testing 
82.00 per cent fat must be mixed with 1,000 pounds of whole milk 
testing 3.75 per cent fat to make cream testing 18.00 per cent fat? 


82 14.25 


18 


3.75 64 


As in the case of Example 1, the pounds of butter required are 
found by a calculation in simple proportion as follows: 
14.25 : 64= X : 1000 
X=222.6, the pounds of butter to use. 
Proof: 
1000 +- 222.60=1222.6, or the pounds in total mixture. 
1000  .0375=37.50, lbs. fat in whole milk. 
222.66 & .82=182.58, lbs. fat in butter. 
37.50 ++ 182.58=220.08, lbs. fat in mixture. 
220.08 —- 1222.60—0.18, lb. fat in one lb. cream. 
0.18 < 100=18.0, per cent of fat desired. 
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PROBLEM 2: HOW TO CALCULATE WHEN IT IS DESIRED TO 
MAKE A DEFINITE WEIGHT OF PRODUCT OF A DEFINITE 
FAT TEST. 


This problem is solved most readily by a modification of the 
Pearson method devised by J. A. Cross. By the Pearson method, 
the solution of this problem requires two subtractions, two addi- 
tions, two divisions and two multiplications. By the Cross modi- 
fication three subtractions, one division and one multiplication 
only are required. 


Solution Problem 2, based upon Rule 1: 


Subtract the low test from the high tesu. Call remainder A. 
Subtract the low test from the standard desired. Call the differ- 
ence B. Divide B by A and multiply the result by the pounds of 
mixture desired. Call answer C, or the pounds of high testing 
material required. Subtract C from the total pounds required. 
The remainder will be the pounds of low testing material needed. 


Problem 2, Example 3: 


How many pounds of milk containing 4.20 per cent of fat and 
skim-milk containing .1 per cent of fat must be mixed together 
to make 1000 pounds of milk testing 3.60 per cent fat? 


Solution Problem 2, Example 3, based upon Rule 1: 


= — - >< 1000=853.65, lbs. of 4.20 per cent milk required. 


1000—853.65—146.34, lbs. of skim-milk required. 


Proof Problem 2, Example 3: 


853.65 X .042 — 35.85, pounds of fat in the whole milk. 
146.34 * .001—  .15, pound of fat in the skim-milk. 
35.85 + .15 = 36.00, pounds of fat in the mixture. 


36.00 1000 = 0.036, lb. fat for one Ib. milk. 
0.036 100— 3.60, per cent of fat in the standardized milk. 


148 STANDARDIZING MiLK AND CREAM 


THE CROSS DIAGRAM METHOD 


J. A. Cross has developed another excellent improvement of the 
above method, all based upon the principle of allegation. This 
method can be used whenever it is desired to mix together two 
products of different tests with the object of obtaining a definite 
weight of a third product of a definite test, or also an indefinite 
weight of a third product of a definite test. 


PRINCIPLE OF THE CROSS DIAGRAM METHOD. 


Let A and B be the weights of two ingredients to be mixed to 
produce a weight (A+B) of mixture. Let a and b be the per- 
centages in the two ingredients of some component common to 
both of them; and let m be the percentage of the same component 
in the final mixture. 


Then the total weight of the component in the mixture is the 
sum of the weights of that compound in the two ingredients. 
Formulated algebraically this is 

aA + bB =m (A.+ B) 

The above equation may readily be transformed into the fol- 
lowing: 

A :B:: (m—b) : (a—m) 

Designating a, b and m as composition percentages we can 
state the above equation in what is called the Principle of Alle- 
gation :— 

“The weights of two ingredients needed to prepare a given 
mixture are inversely proportional to the differences between the 
composition percentages of these ingredients and that of the mix- 
ture itself.’’ 


Dr. Pearson’s method presents the above principle graphically. 
His method of subtraction insures giving the values of (m — b) 
and (a — m), and his diagram also automatically shows that these 
values are in inverse proportion to A : B. 


The mixture diagrams illustrated under Figs. 57 and 58 carry 
this principle a little farther by automatically getting the values 
of (m — b) and (a — m), and by taking advantage of a simple 
geometric principle these values are made to add.always to 100 
and can be considered as percentages. 
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APPLICATION OF THE CROSS DIAGRAM METHOD. 


This method can be applied to the standardization of either 
milk or cream. The results are accurate within one-half of one 
per cent or less. The diagram under Fig. 57, applies to cream, 
and that under Fig. 58 applies to skim-milk and whole milk. 


PROBLEM 2, EXAMPLE 3A: MATERIALS ON HAND, 30.00 PER 
CENT CREAM AND 10.00 PER CENT CREAM. WANTED 100 
POUNDS OF 22.00 PER CENT CREAM. 


Solution Problem 2, Example 3A, based upon Cross Diagram 

Method: 

Lay a ruler across the diagram in such a way that it cuts 30 
per cent on the right and 10 per cent on the left hand vertical 
scales. Then where the ruler cuts the diagonal scale marked 22 
per cent, the pounds of 30 per cent cream can be read directly, 
namely, 60 pounds. The pounds of 10 per cent cream is then, of 
course, 40. 

In the same position, the ruler shows that 50 pounds of 30 per 
cent and 50 pounds of 10 per cent will produce 100 pounds of 20 
per cent cream. Also that 40 pounds of 30 per cent and 60 pounds 
of 10 per cent will produce 100 pounds of 18 per cent cream. 

The correct proportions of materials of any other percentages 
ean also be found in the same way. 

Other problems may also be solved by this method. 


Example 3B. 
On hand 865 pounds of 26 per cent cream. How much 3.5 per 
cent milk is necessary to reduce the percentage to 22 per cent? 


Solution Example 3B, based upon Cross Diagram Method: 
Mixture diagram shows that 82 parts cream and 18 parts milk 


are necessary. Therefore, 


86 : 
ap 865189, pounds 3.5 per cent milk necessary. 
Example 3C. 


On hand 625 pounds of 17.5 per cent cream. How much 40 
per cent cream must be added to raise the percentage to 22 per 


cent ? 
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Solution Example 3C, based upon Cross Diagram Method: 
Mixture diagram shows that the proportion is 20 parts 40 per 
cent to 80 parts 17.5 per cent, therefore 
625 


9 7 025=157 , pounds of 40 per cent cream necessary. 


Fig. 57. Cross Diagram Method for Standardizing Cream. High Testing 
Materials Vertical Right Hand Column. Low Testing Materials Vertical 
Left Hand Column Test of Product Desired, also Percentage of High Test- 
ing Materials Required Upon Diagonal Scale. 
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Either of the other scales (20 per cent or 18 per cent) will 
work in exactly the. same way, or any desired scale can be 
sketched in. It would be very easily possible to make a universal 
mixture diagram which would show the exact proportions of any 
two materials necessary to produce any desired percentage of an- 


other, and to arrange it in such a way that the proportions would 
add to 100. 


Fig. 58. Cross Diagram Method for Standardizing Milk. High Testing 
Materials Vertical Right Hand Column. Low Testing Materials Vertical 
Left Hand Column. Test of Product Desired, also Percentage of High Test- 
ing Materials Required Upon Diagonal Scale. 
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ERF’S METHOD FOR SINGLE STANDARDIZATION. 


Another very excellent method for single standardization is 
that published by Prof. Erf.2. The method is based upon the mak- 
ing of suitable tables, and when these are once prepared the solu- 


tion desired is found by reference to the tables. Table 23 applies 
to the standardization of whole milk. 


TABLE 23. 


Quantity of skim-milk to be added to, or subtracted from, 100 pounds of 
milk to make milk of a desired percentage of fat. 


eae Desired Percentage of Fat in Standardized Milk. 

erie 30501. 2150, |) Biz 4.0 425 | 450 + 4.75 5.0 
3. — 7.693] —14.285| —20.000|—25.00 | —29.412| —33.333] — 36.842] — 40.000 
3.1 |— 4.616] —11.428| —17.333] —22.50 | —27.059| —31.111] —34.737| —38.000 
3.2 1.539} — 8.571] —14.666|—20.00 | —24.706| —28.888] —32.632| —36.000 


+ 1.539|— 5.714} —12.000)—17.50 | —22.353] —26.666) —30.527| —34.000 

38.4 |+ 4.616)— 2.857)— 9.333]—15.00 |—20.000| —24.444| —28.422| —32.000 

+ 7.693|— 0.000)— 6.666] —12.50 | —17.647| —22.222) —26.317| —30.000 

3.6 |+10.760)+ 2.857|— 4.800]—10.00 | —15.294| —20.000| —24.212| —28.000 

3.7 |-+13.837|/+ 5.714|— 1.833|— 7.50 |—12.941) —17.777| —22.107| —26.000 

3.8 |+16.914)/+ 8.571)+ 1.833]— 5.00 |—10.588] —15.555) —20.000] —24.000 
ae 


3.9 |+19.991)+11.428}+ 4.000)— 2.50 |— 8.235) —13.333] —17.897) —22.000 
4.0 |+23.068)-+14.285|+ 6.666}— 0.00 |— 5.882|—11.111/—15.792| —20.000 
4.1 |+26.145)+17.142|-+ 9.3833)+ 2.50 |— 2.429)— 8.888] —13.687| —18.000 
4.2 |+429.222)-+19.999}+12.000}+ 5.00 |— 0.076]— 6.666] —11.582| — 16.000 
4.3 |+82.299| +22.856|+-14.666|+ 7.50 |+ 0.076}— 4.444/— 9.477|—14.000 
4.4 |-+35.476) +25.713]+17.333}+10.00 |-+ 2.429|— 2.222)— 7.372} —12.000 
4.5- |+88.453) +28.57 |+-20.000|}+12.50 |+ 5.882}— 0.000}— 5.267] —10.000 
4.6. |+ 41.530) +31.427| +22.666}+15.00 |+ 8.235}+ 2.222/— 3.162}— 8.000 
4.7 |+44.607| +34.284|+-25.333|}+17.50 |+10.588}+ 4.444/— 1.057]— 6.000 

4.8 |+47.684)+37.141|+28.000}/+-20.00 }+12.941/+ 6.666/-+ 1.057}— 4.000 

4.9 |+650.761|+39.998]-+30.666}+22.50 |+17.647/+ 8.888]+ 3.162}— 2.000 

5.0 |+658.828] +42.855|+33.333|-+-25.00 |+20.000}-+11.111}+ 5.267|— 0.000 


To find the pounds of skim-milk to be added or removed, trace 
the vertical column of the desired per cent of fat to where the 
horizontal column presenting the percentage of fat in the milk on 
hand intersects; the result will be the number of pounds of skim- 
milk to be added to or removed from 100 Ibs. of milk, as indicated 
by a plus or minus sign before the figure. 


Key To ForMULAS 


TABLE 24. 


Standardization of Fat Only in Cream. 


Percentage quantity of cream of a desired fat content made from cream of 
a certain fat content by diluting with milk containing 4 per cent of butter fat. 


Per Cent 
Fat in Desired Percentage of Fat in Standardized Cream 
Cream 
on Hand ly 20 22 25 27 30 
18 21S 0 (dean ee agen ee cere Me (feterre eae Aloe || antes Aye: a (Pernt oc 
19 SOLO CO sae entero | agente eee pity ees oP a | “atts te, 
20 81.250 LOO MPN | ae Ses prec eat oo Sa ees AAT | Feat 
21 76.4706 QAO lle tay cea cers eee ear SR eoeeecte ct trae ews Set 
22 22222 rofotictoreten (a MOM a) Co saer eatnda la tune are lt smears? teas 
23 68.4222 SAD 222 COAL 2 ome ae ear, ill come serck haat ea er: 
24 65.0000 AO MOOTED AS ALOK COOL) | eas ei edi go-cemecarae Weta oun 
25 61.905 TORUS | ASS KOO sso Sooo Hl ooowoaee 
26 59.0909 Tey Aiea Wl Ops sv Nay ee loa Iw deus aioe se 
27 56.5217 69.5651 (8.2608 | 91-3044 | 100) eae 
28 54.1666 66.6666 | 75.0000 | 87.5000 | 95.8333 |] ........ 
29 52.0000 | 64.0000 | 72.0000 | 84.0000 | 92.0000] ........ 
30 50.0000 | 61.5385 | 69.2308 | 80.3461 88.4615 | 100.00 


If cream is to be standardized with 4 per cent milk, the result 


found by the intersecting columns represents the pounds per hun- 
dred, or the percentage of the quantity which is cream on hand 
containing the percentage of fat as indicated. 

Example: If cream containing 20 per cent of butterfat is de- 
sired and cream containing 26 per cent of fat is on hand, then 
72.7 per cent of the quantity desired must be cream containing 26 
per cent of fat and 27.3 per cent of the quantity must be 4 per 
cent milk. 


B. HOW TO CALCULATE WHEN STANDARDIZING WHOLE MILK 
OR CREAM FOR BOTH FAT AND SOLIDS NOT FAT. 


Key to Formulas for Standardizing Whole Milk. 


The following key gives the information required for substi- 
tuting values for letters in the formulas found in this chapter: 
A= The percentage of fat desired in the standardized prod- 
uct. 
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D = The pounds of skim-milk required for standardizing. 
F' = The percentage of fat in the whole milk. 

G = The percentage of fat in the cream. 

H = The percentage of fat in the butter. 

J = The percentage of S. N. F. in the cream. 

K = The percentage of fat in the skim-milk. 

L= The percentage of fat in the skim-milk powder. 
N= The percentage of S. N. F. in the skim-milk. 
M=tThe percentage of S. N. F. in the skim-milk powder. 
M’= The pounds of butter required or on hand. 

O = The pounds of cream required for standardizing. 
O’= The pounds of skim-milk powder required. 

P= The pounds of whole milk in the batch. 

Q = The pounds of cream desired. 

R = The ratio of 8S. N. F. to fat in the desired product. 
S = The percentage of S. N. F. in the whole milk. 

S’= The average percentage of fat in the mixed batch. 
W= The pounds of water to be added. 


METHOD OF HANDLING PRODUCTS. 


Cream and skim-milk are the products used in the process of 
standardizing whole milk. They are usually secured by separat- 
ing some of the batch of whole milk on hand. »* 

It is best to remove a little more than the theoretical amount, 
since a small amount of fat remains in the skim-milk. The skim- 
milk is cooled and run into a separate tank, and after thoroughly 
mixing a sample is collected for the fat and total solids test. The 
cream is likewise promptly cooled, mixed and tested for fat. 
Where it is desired to make a homogenized product, the fresh 
milk, cream and skim-milk are to be properly homogenized before 
testing. All products should be carefully weighed, as otherwise 
inaccuracies will result. Where impracticable to weigh, convert 
gallons into pounds. 


When skim-milk is separated in excess of the amount required 
to standardize the whole milk, the excess may be standardized 
back to the composition of whole milk by adding the proper 
amount of cream. The aim in plant management should be to 
use each day all the by-products to the best advantage. When a 
product must be held over until the next day, there is usually 
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less liability of loss if it is held in the form of cream. After 
learning the average fat and total solids test by means of the 
Mojonnier Tester, and the pounds of whole milk in the batch, 
the pounds necessary to separate to secure the cream, and the 
skim-milk for use in standardizing may be calculated as follows: 


PROBLEM 3: HOW TO CALCULATE POUNDS OF WHOLE MILK 
TO SEPARATE, TO OBTAIN CREAM AND SKIM-MILK 
NECESSARY TO STANDARDIZE BATCH. 


Solution Problem 3 by Formula 1. 
CHa) 


Formula Ale [ r 


PP = pounds of milk to remove to separate. 


Problem 3, Example 4: 

Lbs. of whole milk in batch = 10,000. 

Test of whole milk = 4.00 per cent fat, 8.60 per cent S. N. F. 
and 12.60 per cent T.S. 

Standardized product to test 3.25 per cent fat, 8.50 per cent 
S. N. F. and 11.75 per cent T. S. 


Solution of Example 4, Based Upon Formula 1: 
4.00— 3.25 = .75, per cent of fat in excess. 
10,000 x .0075 = 75, pounds of fat in excess. 
75 —- .04=1875, pounds of milk to be skimmed. 
10,000 — 1875 = 8125, pounds milk containing enough fat to 
make 10,000 pounds of milk testing 3.25 per cent of fat. 
Separate 1875 lbs. of whole milk into cream and skim-milk to 
be used for standardizing purposes. 
PROBLEM 4: HOW TO CALCULATE THE AMOUNT OF SKIM- 
MILK: TO ADD TO WHOLE MILK. 
When it is necessary to add skim-milk the ratio between the 
per cent 8. N. F. and fat in the whole milk must be more than the 
required ratio. 


Solution of Problem 4 by Rule 2: 

(1.) Divide the percentage of fat in the skim-milk by the 
ratio between the S. N. F. and the fat in the product desired. 
Subtract the answer from the S.N.F. in the skim-milk. Call the 
remainder A, or the percentage of S. N. F. in the skim-milk ayail- 
able for standardizing. 


156 STANDARDIZING Mik AND CREAM 


(2.) Divide the percentage of fat in the whole milk by the 
ratio between the S. N. F. and the fat in the product desired. 
Call the result B. Subtract from B the percentage of S. N. F. 
present in the whole milk. Multiply the remainder by the pounds 
of whole milk in the batch. Call result C. 

(3.) Divide C by A. The answer will be the number of 
pounds of skim-milk necessary to standardize the batch to the 
required ratio. 

(4.) Add together the pounds of whole and skim-milk in the 
mixed batch. Multiply the pounds of whole and skim-milk by 
their respective percentages of fat; add together the two results, 
and divide the sum by the total pounds milk products in the 
mixed batch. Call the answer D, or the percentage of fat in the 
mixed batch. 

(5.) Subtract from D the percentage of fat desired. Mul- 
tiply the pounds in the mixed batch by the remainder and divide 
the answer by the percentage of fat desired. The result will be 
the pounds of water necessary to add. 


Solution Problem 4 by Formula 2: 
(1.) To calculate the pounds of skim-milk required. 


@-) 
(0) 


(2.) To calculate the average fat test of the mixed batch. 
gi DK ++ PF 
DP 
(3.) To calculate the pounds of water required. 


(Se ae) 


WwW = 
A 
Problem 4, Example 5: 
| Per Crent 
Products ~ Pounds |——————>——_—_—— 
Ft |s.n.v.l Ts 
Witt] esi] ine eee rere 10,000 Be ih 8.58 12.55 
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Ratio S.N.F. to fat desired is 1 to .3824. 
Solution of Example 5, based upon Rule 2: 


(1.) To calculate the percentage of available S. N. F. in the 
skim-milk, 

16 — .3824 = .42, per cent of S. N. F. required to equalize the 
fat in the skim-milk. 

8.55 — 42 = 8.13, per cent of S. N. F. available for standard- 
izing. 

(2.) To calculate the pounds of S. N. F. short. 

3.77 --- .8824 = 9.86, per cent of S. N. F. required. 

9.86 — 8.58 = 1.28, per cent of S. N. F. short. 

10,000 & .0128 = 128, pounds of S. N. F. short. 

(3.) To calculate the pounds of skim-milk required. 

128 - .0813 = 1574, pounds of skim-milk required. 

(4.) To calculate the average fat test of the mixed batch. 

10,000-+-1574—11574, total pounds of milk products in mixed 


batch. 
10,000 .0377=377, pounds of fat in whole milk. 
1574 .0016=2.52, pounds of fat in skim-milk. 


377 + 2.52 = 379.52, total pounds of fat in mixed batch. 
379.52 -+ 11574 = 3.28, per cent of fat in mixed batch. 


(5.) To calculate pounds of water required. 


3.28 — 3.25 = .03, per cent of fat in excess. 
11574 < .0008 = 38.47, pounds of fat in excess. 
3.47 —~ .0325 = 107, pounds of water to add. 


Solution of Example 5, based upon Rule 2: 


(1.) To calculate the pounds of skim-milk required. 


sce 10000 ee a Uoos 
=f us 
ee a Gs, 
(2). To calculate the average fat test of the mixed batch. 


gy — (1574 X .0016) + (10000 x .0377) _ 3 9¢ 
a 10,000 + 1574 


= 1574 
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(3.) To calculate the pounds of water required. 
ae (.0328 — .03825) x (10000 + 1574) _ 


0325 
In the above example no factor of safety was allowed. 


107 


Proof for Problem 4, Example 5: 


Products in Batch | Fat Soutips Nor Far 
After | Rtoyrne(a Rey) jae et || Ee eee 
ous Per Cent |. Pounds . | Per Cent | Pounds 
Standardizing ~ 
Whole milk........ 10000 Se Tete 377.00 8.58 858.00 
Skim-milles eee 1574 .16 2.52 S200 134.58 
IWikiber seen 1 UO eed rere tae AMEE Neder pata arte cet] (ear wel cai ge ra 


Total pounds and 
average test of 
mixed batch...| 11681 | 3.25 379.52 8.50 992.58 


PROBLEM 5: HOW TO CALCULATE THE POUNDS OF CREAM 
TO ADD TO WHOLE MILK. 


When it is necessary to add cream, the ratio between the per- 
centage of S. N. F. and fat in the whole milk must be less than 
the required ratio. 


Solution of Problem 5 by Rule 3: ; 


(1.) Multiply the percentage of 8. N. F. in the cream by the 
ratio between the S. N. F. and the fat in the product desired. 
Subtract the result from the percentage of fat in the cream. Call 
the remainder A, or the percentage of fat in the cream available 
for standardizing. 


(2.) Multiply the percentage of 8. N. F. in the whole milk 
by the ratio between the 8. N. F. and the fat in the product de- 
sired. Call the result B, or the percentage of fat required. Sub- 
tract from B the percentage of fat present in the whole milk. 
Multiply the remainder by the pounds of whole milk in the batch. 
Call the result C; or the pounds of fat short. 


(3.) Divide C by A. The answer will be the pounds of cream 
required to standardize the batch to the desired ratio. 

(4.) Add together the pounds of whole milk’ and cream in 
the batch. Multiply the pounds of whole milk and cream by their 
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respective percentages of fat; add together the two results and 
divide the sum by the total pounds of milk products in the mixed 
batch. Call the answer D or the percentage of fat in the mixed 
batch. 

(5.) Subtract from D the per cent of fat desired. Multiply 
the pounds in the mixed batch by the remainder and divide the 
answer by the per cent of fat desired. The result will be the 
pounds of water necessary to add. 


Solution of Problem 5 by Formula 3: 
(1.) To calculate the pounds of cream required. 
hse 
CRD 
(2.) To calculate the average fat test of the mixed batch. 
007, PE 
SOs P 


(3.) To calculate the pounds of water required. 
(Shay (Or PB) 


Bi 


=e aC 
Problem 5, Example 6: 
Prr Cent 
Products Pounds 
Fat Sa Nie RAS: 

Aine taatile aon gol ban coecr 10,000 3.05 8.60 oss 
Greaney tern tar einai: Pal Secrets es east 22.05 6.50 28.55 
Composition of product desired..|.......... 3.25 8.50 11.75 


Ratio of S.N.F. to fat desired is 1.0 to .3824. 
Solution of Example 6, based upon Rule 3: 


(1.) To calculate the percentage of available fat in the cream. 

6.50 & .8824 = 2.49, per cent of fat required to equalize the 
S. N. F. in the cream. 

22.05 — 2.49 == 19.56, per cent of fat in the cream available for 
standardizing. 
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(2.) To calculate the pounds of fat short. 
8.60 X .38824 = 3.29, per cent fat required. 
3.29 — 3.05 = .24, per cent of fat short. 
10,000 x .0024 = 24, pounds of fat short. 


(3.) To calculate the pounds of cream required. 


24.1956—123, pounds of cream required. 


(4.) To calculate the average fat test of the mixed batch. 
10,000 « .0305 = 305, pounds of fat in the whole milk. 
123 X .2205 = 27, pounds of fat in the cream. 

305 +- 27 = 382, pounds of fat in the mixed batch. 


10,000 + 123 = 10123, pounds of milk products in mixed batch. 


332 + 10123 = 3.28, per cent of fat in mixed batch. 


(5.) To calculate the pounds of water required. 


3.28 — 3.25 = .03, per cent of fat in excess. 
10123 X .0003 = 3.03, pounds of fat in excess. 
3.03 = .0325 = 93, pounds of water to add. 


8 


Solution of Example 6, based upon Formula 3: 


(1.) To calculate the pounds of cream required. 


- [ ( 3824 x .0860) — .0305 ] 
"2205 — ( .0650 « .3824 ) 


= 10,000 


(2.) To calculate the average fat test of the mixed batch. 


__ (123 x 2205) +- (10,000 x .0305)__ 
123 + 10,000 


S. 3.28 


(3.) To calculate the pounds of water required. 


(.0328—.0325) < (10,000 + 123) _ 


ee 0325 


93 


In the above example no factor of safety is allowed. 
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Proof for Example 6: 


Products in Batch Far Souips Nor Fart 


After Pounds pee a ee 
Pounds Per Cent | Pounds 


Standardizing Per Cent 


Whole milk........ 10000 3.05 305 8.60 860 
@reain ene. sereen « 123 22.05 27 6.50 8 
Wie terrence te tte: CE, © “lis zagy dren far acm a amie beatae thei reeenn Pac ara Cf 
Total pounds and 
average test of 
mixed batch...} 10216 3.25 332 8.50 868. 


PROBLEM 6: HOW TO CALCULATE WHEN MIXING BUTTER AND 
SKIM-MILK POWDER TO MAKE WHOLE MILK OR CREAM. 


Two variations of this problem are encountered in plant prac- 
tice. 

(a) When the two products are mixed together with the 
view of obtaining a product of definite fat test regardless of the 
resulting total weight, and (b) when it is desired to make a defi- 
nite weight of product of a definite fat test. Examples covering 
the two kinds of problems will be given. The same method of 
calculation under the above two variations can be followed when 
it is desired to make either whole milk or cream. Solution of 
these problems by means of formula only are given herewith. 


Solution of Problem 6, Variation A based upon Formula 4: 


(1.) To calculate the pounds of skim-milk powder required. 

Ot eas 
M 

(2.) To calculate the pounds of butter required. 

QA — O'L 

ae 

(3.) To calculate the pounds of water required. 

Waa O02) 

Problem 6, Variation A, Example 7: 


Wanted to make 1,000 pounds of cream testing 18.00 per cent 
of fat and 7.59 per cent of S. N. F. when using butter testing 


M! 
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82.00 per cent of fat and skim-milk powder testing 1.00 per cent 
of fat and 94.00 per cent of S. N. F. 
Solution of Example 7, based upon Formula 4: 
(1.) To calculate the pounds of skim-milk powder required. 


1000 x .0759 
a 94 


O = 380.7 

(2.) To calculate the pounds of butter required. 

ee LOOOD 18) (3078 01) 
ie 82 

(3.) To calculate the pounds of water required. 


W = 1000 — (218.5 + 80.7) = 700.8 
In the above example no factor of safety was allowed. The 
small amount of 8S. N. F. in the butter was disregarded. 


M = 218.5 


Proof of Problem 6, Example 7: 


Products in Batch | 
Tro tee atc Pounds : Fat __ Soups Nor Fat i 
Standardizing Per Cent | Pounds | Per Cent | Pounds 
Skim-milk powder. . 80.7 1.00 8 94.00 75.9 
BHD end aeceOmomo er 218.5 82.00 17 (Se PO Manners Yee eos co 
Wid bela tes. ctrene PAOD toe Reeneetcts ncaa Mencia Beeman ine Reena otros Ae 


Total pounds and 
average test of 
___mixed batch...| 1000.0 18.00 180. 7.59 75.9 4 


Solution of Problem 6, Variation B, based upon Formula 5: 


(1.) To calculate the pounds of whole milk possible to make. 


(2.) To calculate the pounds of skim-milk powder required. 
SPE 
M 


(3.) To calculate the pounds of water required. 
W=P—(M?+0') 


Or 
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Problem 6, Variation B, Example 8: 


Wanted to make as much whole milk as possible testing 3.75 
per cent of fat, and 8.50 per cent of S. N. F. from 50 pounds of 
butter testing 82.00 per cent of fat, and skim-milk powder testing 
1.00 per cent of fat and 94.00 per cent of S. N. F. 


Solution of Example 8, based upon Formula 5: 
(1.) To calculate the pounds of whole milk possible to make. 
) 
Bee 1998 


375 
(2.) To calculate the pounds of skim-milk powder required. 
One 1093 x .085 — 989 
94 


(3.) To calculate the pounds of water required. 
W = 1093 — (50 + 98.8) = 944.2 


In the above example the fat in the skim-milk powder and 
the S. N. F. in the butter were disregarded, as the amount of these 
constituents is too small to affect appreciably the results. 


Proof of Problem 6, Example 8: 


Products in Batch Far So.tips Nor Fat 
At ior Pounds 
ae Per Cent | Pounds | Per Cent | Pounds 
Standardizing 
Skim-milk Powder. . 98.8 1.00 |Disregard’d) 94.0 92.9 
Butter’ cccmacarase. 50.0 82.00 41.0 1.00 |Disregard’d 
Wiater san aectien cre (OY NOY Walle eden clement) Laer saa aetein clbs nenate rat a (Me oe secs 
Total pounds and 
average test of 
mixed batch... 1093.0 3.0 41.0 8.50 92.9 


1Pearson, R. A., Cornell Farmers Reading Course, Bul. 22, 1904. 
2Erf, Oscar, Ill. Sta. Bul. No. 75. 


CHAPTER XI 


STANDARDIZING EVAPORATED MILK 


The principle underlying the entire practice of standardizing 
evaporated milk is based upon mixing together milk and the 
products obtained from milk in the proper proportions to make 
a product that contains the fat and the S. N. F. in the same ratio 
that they are to have in the standard product which it is desired 
to manufacture. These ratios can be obtained by referring to 
Table 25, page 165. They are derived by dividing the percentage 
of one constituent into the percentage of another constituent of 
the standard product. For example, standard domestic evapo- 
rated milk which tests 8.00 per cent fat, 18.15 per cent of S. N. F. 
and 26.15 per cent of T. S. gives a ratio between the S. N. F. and 
fat of 18.15 to 8.0, or 1 to .4407. 

Evaporated milk may also be standardized upon the basis of 
the fat only, or of the 8S. N. F. only. In such eases the unstandard- 
ized constituent will be, in the majority of cases, in excess of the 
standard requirements. 

Two general methods of standardizing evaporated milk are 
possible, namely before condensing and after condensing. In 
standardizing before condensing, the fat and the S. N. F. are 
placed in the proper proportion one to the other in the initial 
product, so that, after condensing, the product obtained can be 
either of exactly the standard required, or if overcondensed, it 
can be diluted back to the proper standard with water only. This 
chapter contains methods with examples that accompany the 
same, covering every known condition that may be encountered 
in plant practice, where evaporated milk is standardized both for 
fat and S.N.F. both before and after condensing. 

It is frequently impossible to standardize the initial products 
before condensing. This is particularly true when the multibatch 
system is used, as in that case there is scarcely time to make the 
required tests upon the fresh milk. However, this usually can 
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be so arranged by careful planning, and when possible the initial 
product should be standardized, as in that case all that is neces- 
sary is to add sufficient water after condensing to bring the evapo- 
rated product back to the desired standard. 

Where the condensed product is standardized, this can be ac- 
complished in several ways. In such cases, it is best for the prod- 
uct to come from the pan overcondensed, rather than undercon- 
densed, as it is possible to add more accurately the materials re- 
quired for standardizing when the batch is overcondensed rather 
than when the opposite is the case. Standardizing after condens- 
ing can be accomplished by one or more of the following methods: 

(1.) By the addition of water alone. This is the simplest 
standardization of all. 

(2.) By the addition of homogenized, pasteurized cream 
alone. 

(3.) By the addition of homogenized, condensed skim-milk. 
(If very low in fat, the homogenization can be omitted.) 

(4.) By the addition of water and homogenized, pasteurized 
cream. 

(5.) By the addition of water and homogenized, condensed 
skim-milk. 

(6.) By the addition of water, homogenized cream and homog- 
enized condensed whole milk. 


SUCCESSIVE STEPS IN STANDARDIZING EVAPORATED MILK 
BEFORE CONDENSING 

The steps involved in standardizing evaporated milk are as 
follows: 

(1.) Obtaining a representative composite sample of the en- 
tire lot of whole milk which goes to make up the batch; likewise 
of the skim-milk, cream, butter or other products which might be 
used in standardizing. 

(2.) Testing of all of the above products involved, for both 
fat and S. N. F. or T. S. by means of the Mojonnier Tester. In 
the case of the S. N. F. in cream, it usually suffices to obtain the 
S. N. F. from Table 22. In the case of unsalted butter, the amount 
of S. N. F. is so small as to be disregarded. 

(3.) Calculating the weight of each product to be used, by 
methods which follow, in order to make the fat and the S. N. F. 
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in the initial product of the same ratio as these are to occur in the 
finished product. 

(4.) When the initial product has been standardized so that 
the fat and the S. N. F. are in the required ratio, the same is to 
be condensed down to the desired specific gravity to yield a fin- 
ished product of the test required. In practice it is well to con- 
dense the batch to a little higher concentration than desired, as it 
then becomes possible to bring it back to the desired point by the 
mere addition of water. If the concentration of the batch should 
be less than the required concentration it becomes necessary either 
to recondense part of the batch or condense another batch to add 
to it, which makes it a very much more difficult and involved 
problem than when it is necessary to add water only. Or if the 
plant should have concentrated pasteurized and homogenized 
cream, or condensed, homogenized whole milk available, these 
may be added, as the case may require. When the final prod- 
uct obtained from the pan contains an excess of fat over the 
S. N. F. the error may be corrected by adding condensed skim- 
milk if this is possible or practicable. Likewise if it contains an 
excess of S. N. F. over fat the error can be corrected by adding 
concentrated pasteurized and homogenized cream if this is avail- 
able. 


METHOD OF COLLECTING COMPOSITE MILK SAMPLES. 


No fixed method of sampling is recommended that can be ap- 
plied to meet all the varying conditions of different plants. This 
important matter will need careful study at each plant, in order 
to determine the procedure that will give the most accurate sam- 
ples. The reader is referred to Chapter VI for complete informa- 
tion upon this point. 

METHOD OF TESTING 


Use the Mojonnier Tester for making all fat and T. S. determin- 
ations, upon all products used in standardizing. The skim-milk 
and cream should be tested before the composite sample of the 
whole milk reaches the laboratory. The 8S. N. F. in the cream 
can be ascertained from Table 22, as the total amount of the same 
is usually small. As it is necessary to complete the fat and T. S. 
tests of the whole milk while the last forewarmer is being heated 
and drawn into the pan, these tests should be made as rapidly as 
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possible. A short time before the sample is ready the tempera- 
ture of the hot plates and ovens should be regulated; a fat and 
T. 8. dish cooled and weighed; clean glassware and a weigh cross 
prepared for use and everything put into readiness for making 
the test. By systematizing the successive steps, the time for com- 
pleting the fat and T. S. tests, including the total time for making 
the calculations, should not exceed twenty-five or thirty minutes, 
counting from the time the sample reaches the laboratory. Under 
some conditions it may be desirable to give the operator a helper 
while making the tests, as this would greatly expedite the opera- 


tions. 
CONSTANTS FOR EVAPORATED MILK 


The following table gives the constants for evaporated milk, 
both domestic and export. This is based upon standards now in 
force in this country and in Canada, and upon the standards called 
for in the European requirements. Domestic evaporated milk is 
given upon the double basis of 7.80 per cent of fat and 25.50 per 
cent of T. S. and 7.80 per cent of fat and 25.90 per cent of T. S. 


TABLE 25. 
Constants for Evaporated Milk. 


Export | Domestic | Domestic 
Constants Evaporated|Evaporated|Evaporated 

Milk Milk (A) | Milk (B) 
Rermcentiataann susan aa sae es 9.25 7.80 7.80 
IROLZ CET Gn ING rete dere eraser tear aeettens 16.75 Hera) 18.10 
Rewcentitotalksoldssam seen a-lo- eae eer 26.00 25.50 25.90 

Ratio per cent fat to per cent total solids. . . 22801 3.2692 3.3205 

Ratio per cent fat to per cent S. N. F...... 1.811 2.2692 2no205 

Ratio per cent S. N. F. to per cent fat .... . 5522 4407 . 4309 

Ratio per cent S. N. F. to percent total solids} 1.5522 1.4407 1.4309 

Ratio per cent total solids to per cent fat. . .3558 . 8059 .8011 
Net weight per can, ozs. Baby size....... 6.0 6.0 6.00 
Net weight per can, ozs. Family size...... 12.0 12.0 12.00 
Net weight per can, ozs. Tallsize........| 16.0 16.0 16.00 
Net weight per can, ozs. Hotel size....... 32.0 32.0 32.00 
Net weight per can, ozs. Gallon size......} 136.0 136.0 136.00 
Net weight per case, pounds. Baby size...} 27.0 27.0 27.00 
Net weight per case, pounds. Family size..| 36.0 36.0 36.00 
Net weight per case, pounds. Tallsize....| 48.0 48.0 48.00 
Net weight per case, pounds. Hotel size...| 48.0 48.0 48 .00 
0 51.0 51.00 


Net weight per case, pounds. Gallon size..| 51. 
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METHOD OF GETTING WEIGHTS. 


The one who does the standardizing should be sure that the 
pounds of whole milk, and likewise the pounds of cream or skim- 
milk used are correctly reported and properly checked. 


ORDER OF OPERATIONS IN STANDARDIZING EVAPORATED 
MILK BEFORE CONDENSING, USING MOJONNIER TESTER. 


(1.) Test, as far in advance as possible, the cream sample for 
fat. Obtain the S. N. F. test of the cream from Table 22, or, if 
necessary, test the skim-milk or the bulk condensed milk, for both 
fat and T.S. 


(2.) About half an hour before the composite whole milk sam- 
ple is ready, do everything necessary to begin making fat and 
T.S. tests of the whole milk. It is recommended that the tests be 
made in duplicate. If the operator is very careful in his work, a 
single determination may suffice. 


(3.) Keep the fat and the T.S. dishes in the respective ovens 
for five minutes, under proper heat, and with the vacuum on. 


(4.) Transfer dishes from the ovens to cooling desiccators. 
Keep water circulating through the cooling desiceators. Weigh 
the T.S. dish with the cover on at the end of fixe minutes, and the 
fat dish alone, at the end of seven minutes. Record the weights 
and numbers upon the laboratory report, Fig. 59. Replace dishes 
in the cooling desiceators. 


(5.) As soon as the composite whole milk sample reaches the 
laboratory, mix the same thoroughly by pouring back and forth 
at least six times using two vessels. 


(6.) Fill a two grams pipette to the mark, and transfer the 
milk to the previously weighed dish, and immediately weigh the 
dish with the milk. Or, if preferred, the sample in the two grams 
pipette can be weighed from the weigh cross. 


(7.) While one operator is weighing the sample as under (6) 
the second operator pipettes out 10 grams into the fat extraction 
flask. 


(8.) One operator now prepares the T.S. sample for the T-S. 
oven and the second operator the fat sample for the fat oven. 
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Dishes are heated in ovens; cooled in cooling desiceators and 
weighed in accordance with directions. 

(9.) Calculate the percentage of fat, and the percentage of 
T.S. and transfer the results to the evaporated milk report blank. 

(10.) Caleulate the pounds of material to add, using the 
method that may apply, selecting the proper one, beginning with 
Rule 4, and ending with Rule 15. 

(11.) Test the finished product for fat and T.S. and enter the 
results upon the evaporated milk report, Fig. 60. 

(12.) Divide the percentage of fat by the percentage of T.S. 
to get the ratio of T.S. to fat in the finished product. 

(13.) If the condensation is not otherwise obtained, divide 
the percentage of T. S. in the finished product by the percentage 
of T.S. in the initial product. 

(14.) Divide the total weight of raw products used by the 
condensation to obtain the pounds in the batch after condensing. 


(15.) Add water, if necessary, using either Rule 10 or 11. 
Make a retest for fat and J.S. after adding water. 


(16.) Caleulate the weight of milk from the cans filled, and 
figure loss in handling due to overfilling. 


ORDER AND OPERATIONS IN STANDARDIZING EVAPORATED 
MILK AFTER CONDENSING, USING THE MOJONNIER TESTER. 


(1.) Test, as far in advance as possible, the cream sample for 
fat. Obtain the S. N. F. test of the cream from Table 22, or, if 
necessary, test the co:densed skim-milk or the condensed whole 
milk for both fat and T.S. 


(2.) About half an hour before the condensed batch is all 
completed, do everything necessary to begin making the fat and 
the T.S. tests. 

(3.) . Keep the fat and the T.S. dishes in the respective ovens 
for five minutes, under proper heat, and with the vacuum on. 


(4.) Transfer the dishes from the ovens to the cooling desic- 
eators. Keep the water circulating. Weigh the T.S. dish with 
cover at the end of five minutes, and the fat dish alone at the end 
of seven minutes. Record the weights and numbers upon the 
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laboratory report, Fig. 59. Replace the dishes in the cooling 
desiceators. 

(5.) Mix the sample from the condensed batch very thor- 
oughly. 


FOKMS MP. 


eon EVAPORATED AND CONDENSED MILK PLANTS 
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Fig. 59. Evaporated Milk Laboratory Report. 


(6.) Fill the one gram pipette to the mark, and transfer the 
milk to the previously weighed dish, and immediately weigh the 
dish with milk. Or, if preferred, the sample in the one gram 
pipette can be weighed from the weigh cross. Fill the five grams 
pipette to the mark, and by means of the weighing cross, weigh 
about five grams into the fat extraction flask. 


(7.) One operator now prepares the T.S. sample for the T.S. 
oven and the second operator the fat sample for the fat oven. 
Dishes are heated in ovens, cooled in cooling desiccators, and 
weighed in accordance with directions. 


(8.) Caleulate the percentage of fat and the percentage of 
T. 8. and transfer results to evaporated milk report, Fig. 60. | 


(9.) Calculate the pounds of material necessary to add, se- 
lecting and using the rule that may apply. 


(10.) Mix the batch very thoroughly, after adding the ma- 
terial for standardizing. 


BLANKS FoR REcoRDING Data 171 


Make a retest for fat and T.S. 

(11.) Divide the percentage of fat by the percentage of T.S. 
to get the ratio between the T.S. and the fat in the finished 
product. ig 4 

(12.) Complete all possible or necessary calculations upon 
the evaporated milk report, Fig. 60. 


BLANK FOR RECORDING STANDARDIZING DATA. 


It is important to use proper blank reports for recording all 
data in connection with the standardization of evaporated milk. 
A specially designed blank report is illustrated under Fig. 60. 
The blank is designed so that the necessary facts covering an en- 
tire day’s milk can be ascertained at a glance. 


Date Plant Batch No. 


Fig. 60. Blank Report for Evaporated Milk. 
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“HOW TO GET THE WEIGHT OF THE FINISHED BATCH OF 
EVAPORATED MILK. 


Ascertain the weight of fresh milk in the batch, and the weight 
of the finished product. The latter can be obtained in several 
ways, as follows: 


(A.) By weighing the entire batch in a drop tank near the 
pan. This is the most exact method of all. 


(B.) By means of a graduated brass bar or rod at the storage 
tank. This method is open to many variations, particularly if 
the tank surface is extensive. Variations in the concentration 
will also obviously affect the weight of any given volume, and may 
therefore cause considerable variation in the weight. The bar 
should be graduated by weighing definite successive portions of 
milk into the tank, and marking upon the bar the number of 
pounds corresponding to that in the tank at the given level. 

(C.) From the condensation. This method involves collect- 
ing an accurate composite sample of the raw milk that goes to 
make up the batch, and testing the same for T.S. If cream or 
skim-milk are added for standardizing, the T.S. test of the same 
should be ascertained, and the average T.S. test of the entire 
batch should be ecaleulated. In turn when the finished product 
comes from the pan, this is to be tested for T,S., and the weight 
of condensed product obtained as indicated by the following 
example: 


Lbs. of fresh milk in the batch =6800 
Lbs. of cream used in standardizing = 40 
Lbs. total of all raw products —6840 
T.S. test of the fresh milk = 12.01% 
T. S. test of the cream =49,.28% 
Average T.S. test of the mixed milk and cream = 12.23% 
T.S. test of the finished product = 26.50% 


26.50 —- 12.23 = 2.167, or the condensation. 
6840-+2.167 = 3156, the lbs. of evaporated milk which the 
batch contains. 


By means of the Green Gauge, which automatically indicates 
the weight of milk in tanks. 
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The Green Gauge may be attached to any tank used for hold- 
ing fresh milk, condensed milk or any other liquid product. 

The mercury column in the gauge rises and falls as the milk 
in the tank rises and falls. The scale back of the mercury col- 
umn is calibrated to fit the particular tank to which it is attached 
so that when the mercury column stops opposite a number or 
graduation it indicates accurately the number of pounds of milk 
in the tank. The calibrating is usually done by dumping into the 
tank carefully weighed quantities of water and marking the 
height to which the mereury column rises. In this way an ac- 
curate calibration is obtained. 

The Green Gauge operates on the hydrostatic mercuric princi- 
ple. The air trap is connected to the tank outlet by 1” Sanitary 
Tubing. When filling tank the pet cock at bottom of air trap is 
opened until a few drops of milk flow out. The pet cock is then 
closed sealing a pocket of air in the air trap. The air trap is 
connected to the mercury gauge by a 1/8” copper tube. The 
weight of the milk in the tank is exerted on the air in the air 
trap and in turn on the mercury column in the gauge on the wall. 

This Green Gauge is a very convenient appliance for use in 
any liquid, as it practically places the tank to which it is attached 
on scales. 


Fig. 61. Green Gauge. 
HOW TO CALCULATE THE POINT AT WHICH TO STRIKE THE 


BATCH IN THE PAN. 


The striking point at the vacuum pan requires very careful 
watching, in order that the product from the pan may be as near 
the standard desired as possible. Evaporated milk of a given 
composition and temperature has a definite specifie gravity. As 
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a starting point it is necessary to know the specific gravity under 
certain temperature conditions of the product which it is desired 
to manufacture. Sani.) 

The two following tables give the specific gravity of evapo- 
rated milk of the two compositions mentioned above at different 
temperatures, and expressed in different specific gravity scales. 


TABLE 26. 


Specific gravity of evaporated milk testing 7.80 per cent fat, and 25.50 per 
cent total solids compared with water at 60° F. Samples furnished by Na- 
tional Dairy Co Specific gravity determinations made by J. A. Cross and 
H. J. Liedel. 


SPECIFIC GRAVITY SpPEcIFIC GRAVITY 
Tempera- Tempera- 


ture | Specific | poume |\Twaddell ae Specific Baume |Twaddell 


°F. | Gravity F. Gravity 
D Degrees Degrees | Degrees 
Degrees ae ae Degrees = . 


40 1.0702 9.51 14.04 110 1.0546 7.51 10.92 
60 1.0662 9.00 13.24 120 1.0518 7.14 10.36 
80 1.0625 8.52 12.50 13 1.0490 6.78 9.80 
100 1.0572 7.83 | 11.44 140 1.0457 6.35 9.14 


TABLE 27. 


Specific gravity of evaporated milk testing 8.00 per cent fat, and 26.15 
per cent total solids; compared with water at 60° F. Samples furnished by 
National Dairy Co. Specific gravity determinations made by J. A. Cross 
and H. J. Liedel. 


SpEcIFIC GRAVITY SPECIFIC GRAVITY 
Tempera- Tempera-} 
ture | Specific) Beume |Twaddell]| tue | Specific) po ume |Twaddell 
F. | Gravity Gravity 
Degrees | Degrees Degrees | Degrees 
Degrees | ™ Degrees 


40 1.0718 9.71 14.36 110 1.0559 7.67 11.18 
60 1.0679 9.22 13.58 120 1.0533 7.35 10.66 
80 1.0638 8.70 12.76 130 1.0505 6.97 10.10: 
100. 1.0588 8.05 11.76 140 1.0472 6.53 9.44 
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The specific gravity at temperatures between the extremes given 
in the above tables, and at temperatures not given in the tables 
can be readily ascertained by referring to the graph included 
in this chapter, and which relates to the specific gravity of evapo- 
rated milk at various temperatures and of different compositions, 
but of a constant ratio between the fat and the total solids. 


THE RELATION BETWEEN THE TEMPERATURE AND SPECIFIC 
GRAVITY IN EVAPORATED MILK. 

In the case of evaporated milk, testing either 7.8 per cent fat 
and 25.50 per cent T.S., or 8.00 per cent fat and 26.15 per cent 
T.S., the relation between temperature and specific gravity is 
nearly alike. This is indicated in Table 28. 


TABLE 28. 
Unit Relation of Temperature to Specific Gravity in Evaporated Milk. 


DECREASE IN SPECIFIC GRAVITY FOR EACH 
DEGREE F.. INCREASE IN TEMPERATURE 


Temperature Range 


ifi 
sae Baume Twaddell 
AQPECOM SOs Hyatee tied cbke dak: .00020 .025 .040 
SOZ to uO gee eee ees haa .00026 .034 .053 
Oo. WADE OY ose. gata ow on oot .00029 .039 .058 


Important use of the above relation can be made when striking 
the pan. If the milk should have a temperature either higher or 
lower than the standard desired, at the time of making the specific 
gravity test, the reading can be reduced to the standard desired 


by a simple calculation. 
Example A: Baume reading at 135° F. is 6.57. What is the 
Baume reading at 130° F.? 
135—130=—5, degrees F. over the standard desired. 
.039<5=.195, degrees Baume to be added to reading made at 
1352 KR; 
6.57-+.195=6.77, the Baume reading reduced to 180° F. 
Example B: Baume reading at 120° F. is 7.14, What is the 
Baume reading at 130° F.? 
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130—120=10, degrees F. under the standard desired. 


.039<10=.39, degrees Baume to be subtracted from reading 
made at 120° F. 


RELATION BETWEEN SPECIFIC GRAVITY AND COMPOSITION 
IN EVAPORATED MILK. 

When the hold-over system is used in the manufacture of evapo- 
rated milk, it is mest desirable to make a preliminary test for fat 
or T.S., usually the test for one constituent being sufficient. This 
test should be timed so that the result is available before the milk 
for the last pan batch is all out of the hot wells. It is then pos- 
sible to change the striking point upon the last pan batch so that 
the test of the milk in the hold-over batch will be much closer to 
the desired standard than is usually possible where this practice is 
not followed. The great advantage is the fact that the water to 
be added can be reduced to a minimum. 


The relation between the composition and the specific gravity 
of evaporated milk in which the fat and the S.N.F. are in the 
ratio of 8.00 to 18.15, is indicated in Table 29. 

From the following table it is ascertained that a difference of 
.10° Baume is equal to about .30 per cent of total solids in the 
case of evaporated milk of the composition indicated. Upon the 
specific gravity scale each .01 degree is equal to about .36 per cent 
total solids, and upon the Twaddell scale each .10 degrees is equal 
to about .18 per cent total solids. This information is of large 
practical value in fixing the striking point of the last pan batch 
used to make up a hold-over batch. 


Example: The fresh milk that makes up a hold-over batch 
totals 60,000 pounds. This is condensed in six pan batches of 
10,000 pounds each. The T.S. test of the first five batches, or, in 
other words, the test of the condensed product obtained from 
50,000 pounds of whole milk was 26.75 per cent, and the total 
weight of the product 22,820 pounds. The test desired was 26.40 
per cent. Therefore 22,820 x .35 per cent equals 79.87 pounds of 
T.S. that are overcondensed. The last pan batch should yield 
about 5,000 pounds of condensed product testing 26.40 per cent 
T.S. Since a drop of .10 degees Baume would make, a correspond- 
ing drop of .80 per cent in T.S. in this example each .10 degree 
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TABLE 29. 
Relation Between Specific Gravity and Composition in Evaporated Milk. 
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Baume would correct for 15.00 pounds of T.S. Since the over- 
condensation amounts to 79.87 pounds, dividing this amount by 
15.00 gives 5.3 or the number of .10 degees Baume necessary to 
deduct from the normal striking point of the last batch. 


The graph under Fig. 62 shows the relation between tempera- 
ture, specific gravity and composition in the case of evaporated 


milk in which the ratio between S. N. F. and fat is as 1 is to .4407, 
or T.S. to fat as 1 is to .3059. 

The range of composition is from 5.00 per cent fat and 16.34 
per cent T.S. to 8.00 per cent fat and 26.15 per cent T. S.« 

Several practical uses can be made of this graph as shown by 
the following examples: 

(a.) Example: What is the specific gravity of evaporated 
milk testing 7.80 per cent fat and 25.50 per cent T.8. at 50° F.? 
Answer. 1.0738. 

(b.) Example: What is the composition of evaporated milk 
in which the ratio between the S. N. F. and fat is as 1 to .4407? 
Baume reading 6.53. Temperature 140° F. Answer: 8.00 per 
cent fat and 26.15 per cent T.S. 

(c.) Example: The specific gravity test of evaporated milk 
containing 7.50 per cent fat and 24.52 per cent T.S. at 140° F. is 
5.96 Baume. What is the Baume reading at 120° F.? Answer: 
6.77° Baume. 


HOW TO CALCULATE THE BAUME READING OF A CONDENSED 
MILK PRODUCT FOR ANY DESIRED CONDENSATION, 
IF THE BAUME TEST AT ANY OTHER CON- 
DENSATION IS KNOWN. 
This method of calculation was devised by J. A. Cross. 
Calculate the weight in grams of 100 ¢.c. of the product of 
which the specific gravity and the composition are known. Also 
calculate the amount of water to be evaporated in order to pro- 
duce the desired concentration, and the volume occupied by the 
water to be evaporated. Then deduct the weight and the volume 
of the desired product from that of the known product. Obtain 
the specific gravity from these calculations, and in turn look up 
the corresponding Baume reading. 
Example: The Baume test of evaporated milk.containing 5.0 
per cent fat and 16.35 per cent T.S. is 3.22° at 140° F. What will 
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Key to Fig. 62 


Curve 1 % 3 4 5 6 G 8 

Fat 5.00 5.50 6.00 6.50 7.00 7.50 7.80 8.00 

Total Solids} 16.34 | 17.98 | 19.61 | 21.25 | 22.63 | 24.52 | 25.50 | 26.15 
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Fig. 62. Relation between temperature, specific gravity and composition 
in the case of evaporated milk in which the ratio between S. N. F. and fat 
is as 1 to .4407. Results obtained by J. A. Cross and H. J. Liedel. 


the Baume test be in the case of evaporated milk testing 8.0 per 
cent fat and 26.15 per cent T.S. at 140° F.? 
3.22° B. = 1.0226 specific gravity. 
100. ¢; ev== 102.26 crams. 

To raise the test from 5.0 per cent to 8.0 per cent requires the 
evaporation of 37.5 per cent water. 


Gell oe 
ye 100 x 8 ake 


102.26 37.50=38.34, grams water to be evaporated. 
The specific gravity of water at 140° F. is .9834. 
-°88.34+9834=89, ec. c. of water to be evaporated. 
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100—39=61, ec. ¢. in product desired. 
102.26—38.34=63.92, grams in product desired. 
63.9261 =1.0473, specific gravity or 6.53° B. 


HOW TO STRIKE THE PAN BATCH. 


Several methods are available for striking the batch at the 
pan. These all depend upon obtaining the specifie gravity of the 
condensed product. Two principal methods of sampling at the 
pan are recommended. One is by means of a sampling device at- 
tached to the waist of the pan. This is illustrated under Fig. 63. 
The second is attached to the outlet of the pan, and is illustrated 
under Fig. 64. It is sometimes possible to obtain the specific 
gravity by placing the hydrometer directly into the tube of the 


DRAIN COCK 


Fig. 63. Pan Striker for Attaching Fig. 64. Pan Striker for Attachi 
to Waist of Pan, to Outlet of Pan. ae 


device attached to the waist of the pan. The most common prac- 
tice is to draw the sample into a hydrometer jar and to place the 
hydrometer directly therein. The hydrometer jar that is recom- 
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mended is illustrated under 
Fig. 65. Hydrometers with sev- 
eral scales are used. The one 
most commonly used has a 
range of 5 to 12 graduated into 
tenths upon the Baume scale. 
This corresponds to 1.0357 to 
1.1154 upon the specific gravity 
seale. This type of hydrometer 
is illustrated under Fig. 66. 


Pig. 65. Pig. 66. 


Hydrometer Baume 
Cylinder. Hydrometer. 


HOLDING TANKS FOR STANDARDIZING EVAPORATED MILK. 


Two methods of handling the condensed product are possible, 
namely, the multibatch and the hold-over method. In the first 
method each pan batch is handled as one complete unit. In the 
hold-over method all, or a part of the total pan batches making up 
the day’s run are mixed in one large tank. If the product is 
canned the same day that it is condensed, artificial refrigeration 
is not necessary. If the product is held over night under either 
method, it must be cooled to about 40° F. The multibach method 
is applicable to small plants, handling under 10,000 pounds of 
milk daily, while the hold-over method is applicable to all evapo- 
rated milk plants handling more than this amount of milk. 


In Fig. 67 is illustrated a jacketed copper tank very suitable to 
the use of small plants. Hither brine or water can be used as 
the cooling medium. In Fig. 68 is illustrated a glass enamelled 
tank. ‘These can be furnished in sizes to suit the needs of the 
plant, either in the horizontal or vertical type. For small tanks 
single propeller blade agitators, as illustrated, are very satisfac- 
tory for obtaining a proper mixture. For large horizontal tanks 
it is recommended that two propeller agitators be used—one in 
each end, 
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Fig. 67. Jacketed Copper Tank. 


The hold-over tanks should be placed either in a refrigerated 
room or they should be insulated with not less than four inches 
of the best cork board and finished with two coats of cement plas- 
ter, the last coat being brought to a smooth, float finish. Tanks 
must be fitted with suitable thermometers, so the temperature of 
the milk can be properly observed at all times. 


THE USE OF TABLES IN SHORTENING CALCULATIONS. 

Much time can be saved by the use of properly prepared tables 
covering the products which it is desired to manufacture. This 
chapter contains two tables applicable to the manufacture of 
evaporated milk upon the double basis of 7.80 per cent of fat and 
25.50 per cent of T. S., and 7:80 per cent fat and 25.90 per cent 
of ules. 


Table 30 gives the percentages of fat, S. N. F. and T. S. all 
in the proper ratio one to the other for standardizing upon the 
basis 7.80 per cent fat and 25.50 per cent T. S. The range is from 
01 to 4.99 per cent of fat, and from .01 to 11.382 per cent of 
S. N. F. Table 30A contains the same data for product testing 
7.80 per cent fat and 25.90 per cent T. S. The range in this ta- 
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ble is from .01 to 4.99 
per cent of fat and 
from .02 to 11.58 per 
€entio: Nib. 


The table can be 
used in_ several 
ways, as follows: 


(1.) To deter- 
mine the per cent of 
S. N. F. required to 
standardize the fat 
in any given skim- 
milk. Example: 
Skim-milk tests .16 
per cent fat. Refer- 
ence to Table 30shows 
that .86 per cent of 
S. N. F. is required 
to standardize .16 


Fig. 68. Glass Enameled Tank, 
Courtesy of the Pfaudler Co. per cent of fat. 


(2.) To determine the per cent of fat required to standard- 
ize the S. N. F. in any given cream. Example: Cream tests 7.10 
per cent of 8.N.F. Reference to the table shows that 3.13 per 
cent of fat is required to standardize 7.10 per cent of S.N.F. 


(3.) To determine the per cent of fat required to standardize 
the S.N.F. in any given whole milk or vice versa. Example: 
Whole milk tests 4.00 per cent of fat. Reference to the table shows 
that 9.08 per cent of S. N. F. are required to standardize 4.00 per 
cent of fat. 


The same results as given in the table can be obtained by di- 
viding the per cent of fat by .4407, or by multiplying the per cent 
of S.N.F. by .4407, but the use of the table dispenses with these 
long calculations and helps to prevent errors. This table is in- 
tended primarily for use when standardizing before condens- 
ing, although it can sometimes be applied in part upon some prob- 
lems covering standardization after condensing. This applies par- 
ticularly to the use of cream as in the example given above. 
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TABLE 30, 


Percentages fat and S. N. F. in the proper ratio to standardize evaporated 
milk upon the basis of 7.80 per cent of fat and 25.50 per cent of T. S. Ratio 
being 1 S. N. F. to .4407 fat. 


Per Cent | Per Cent || Per Cent | Per Cent || Per Cent | Per Cent || Per Cent | Per Cent 
Fat NGS Fat S.N.F. Fat S. N. F. Fat S.N. F. 


01 02 40 91 78 1:77 1517 2.65 
02 05 41 93 79 1.79 1.18 2.68 
03 07 42 95 80 1°82 1.19 2.70 
04 .09 43 98 81 1.84 1.20 2.72 
05 a 44 1.00 82 1.86 1.21 2.75 
06 14 45 1.02 83 1.88 1,22 2.77 
07 16 46 1.04 84 1.91 1.23 2.79 
08 18 47 1.07 85 1.93 1.24 2.81 
09 .20 48 1.09 86 1.95 1.25 2.84 
10 .23 49 Tet 87 1.97 1.26 2.86 
11 25 50 tes .88 2.00 1.27 2.88 
12 27 51 1.16 89 2.02 1.28 2.90 
13 29 52 1.18 90 2.04 1.29 2.93 
14 32 53 1.20 91 2.06 1.30 2.95 
15 134 54 1.23 92 2.09 1.31 2.97 
16 36 55 1.25 Fog 2.11 1.32 3.00 
17 .39 56 1.27 94 2.13 1.33 3.02 
18 AL 57 1.29 95 2.16 1.34 3.04 
19 143: 4 58 1.32 96 2.18 1.35 3.06 
20 45 59 1.34 97 2.20°| 1.36 3.09 
21 48 60 1.36 98 2.22 1.37 ck 
22 50 61 1.38 .99 2.25 1.38 vs 
23 52 62 1.41 1.00 2.27 1.39 3.15 
24 54 63 1.43 1.01 2.29 1.40 3.18 
25 57 64 1.45 1.02 2.31 ie 3.20 
26 59 65 1.47 1.03 2.34 1.42 3.22 
27 61 66 1.50 1.04 2.36 1.43 3.24 
28 64 67 152 1.05 2.38 1.44 3.27 
29 66 We ee 1.06 2.41 1.45 3.29 
30 68 6 vee 1.07 2.43 1.46 2.31 
31 70 on es 1.08 2.45 1.47 3.34 
82 [72 ta ra 1.09 2.47 1.48 3.36 
33 75 ; 1.10 2.50 1.49 3.38 
34 a7 72 1.63 Nese 2.52 1.50 3.40 
35 79 73 1.66 1.12 2.54 1.51 3.43 
36 82 74 1.68 1.13 2.56 1.52 3.45 
37 84 75 1.70 1.14 2.59 1.53 3.47 
38 86 76 ee) 1.15 2.61 1.54 3.49 
39 .88 77 1.75 1.16 2.63 1.55 3.52 
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TABLE 30 (Continued). 


Per Cent | Per Cent || Per Cent Per Cent 
Fat S.N. F Fat S.N.F. Fat 
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TABLE 30 (Concluded) 


e. 
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TABLE 30A. 


Percentages fat and S. N. F. in the proper ratio to standardize evaporated 
milk upon the basis of 7.8 per cent fat and 25.90 per cent T. S. Ratio being 
1.0 S. N. F. to .4809 fat. 


Per Cent | Per Cent || Per Cent | Per Cent || Per Cent | Per Cent || Per Cent | Per Cent 
Fat S. N. F. Fat See ie Fat 
01 02 .40 93 79 1.83 1.18 2.74 
02 05 .41 95 80 1.86 1.19 2.73} 
03 .07 42 .97 81 1.88 1.20 2.78 
04 .09 43 1.00 82 1.90 WPA 2.81 
05 aL 44 1.02 83 1.93 122 2.83 
06 .14 45 1.04 84 1.95 11,28} 2.85 
07 16 46 107 85 1.97 1.24 2.88 
08 19 47 1.09 86 2.00 iL ss 2.90 
09 VAL 48 ih 87 202 126 2.92 
10 528} 49 1.14 .88 2.04 1 Dare 2.95 
li .26 50 1.16 .89 2.07 1.28 2.97 
12 .28 51 1.18 .90 2.09 1.29 2.99 
13 .30 52 Iara 91 Del 1.30 3.02 
14 Bo, 53 123 .92 2.14 eo! 3.04 
1S) Poo 54 125 .93 2.16 1.32 3.06 
16 ser 55 1.28 94 2.18 | 1.33 3.09 
il? .39 56 30 “95 2.20 1.34 risen bl 
18 .42 Dial 32 .96 22 O33 1S) Bh, 1183 
19 44 58 1.35 .97 2.25 1.36 3.16 
20 47 59 IL Bie 98 2). Pel 11, Beh 3.18 
21 49 60 1.39 .99 2730 1.38 3.20 
22 .ol 61 1.42 1.00 2.32 1.39 3.23 
23 200 62 1.44 1.01 2.34 1.40 3.20 
24 .56 63 1.46 1.02 Deo 1.41 3.27 
25 .58 64 1.49 1.03 2.39 1.42 3.30 
26 .60 65 tol 1.04 eA 1.43 BHoe 
27 .63 66 108 1.05 2.44 1.44 3.34 
28 .65 67 150 1.06 2.46 1.45 Seo 
29 .67 68 1.58 1.07 2.48 1.46 3.39 
30 .70 69 1.60 1.08 2.51 1.47 3.41 
31 572 70 162 1.09 2.53 1.48 3.43 
32 aA Al 165 Al PH SHS 1.49 3.46 
33 ALU. 72 1.67 italy 2.58 1.50 3.48 
34 .79 73 1.69 1712 2.60 15 3.50 
35 .81 74 1.72 1.13 2.62 11 57 Bul} 
36 84 75 1.74 P14 2.65 1,53 3.55 
37 86 76 IhsZhd ih Ns) PAA 1.54 Belay 
38 .88 77 1.79 1.16 2.69 LADO 3.60 
39 91 78 1.81 iL sales PAP4 | " 
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TABLE 30A (Continued). 
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TABLE 30A (Concluded) 


Per Cent 


Fat 
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TABLE 31. 


Percentages of fat, S. N. F. and T. S. in product after condensing, all in 
the proper ratio to standardize upon the basis of 7.80 per cent of fat and 
25.50 per cent of T. S. Ratio being 1S, N. F. to .4407 of fat. Also the factor of 
over-condensation from 7.80 to 9.00 per cent of fat. 


Per Cent Per Cent Per Cent Per Cent Per Cent Per Cent 
Fat S.N. F. Tok Fat S.N.F. TS) 
7.00 15.88 22.88 7.15 16.23 23.38 
7.00 15.89 22.89 7.16 16.24 23.40 
7.01 15.90 22.91 7.16 16.25 23.41 
7.01 15.91 22.92 yea 16.26 23.42 
7? 15.92 22.94 vias eg 16.27 23.44 
7.02 15.93 22.95 %.17 16.28 23.45 
7.02 15.94 22.96 7.18 16.29 23.47 
7.03 15.95 22.98 eats 16.30 23.48 
7.03 15.96 22.99 | 7.19 16.31 23.50 
7.04 15.97 23.01 regi 16.32 23.51 
7.04 15.98 23.02 7 20 16.33 23.53 
7.05 15.99 23.04 7.20 16.34 23.54 
7.05 16.00 23.05 7.4 16.35 23.56 
7.06 16.01 23.07 Tt. 16.36 23.57 
7.06 16.02 23.08 Hiepik 16.37 23.58 
7.06 16.03 23 .09 7.22 +16.38 23.60 
7.07 16.04 O32 it 7 2 16.39 23.61 
7.07 16.05 98.12 - 7.98 16.40 23.63 
7.08 16.06 23.14 7.24 16.41 23.64 
7.08 16.07 23.15 7.24 16.42 23.66 
7.09 16.08 23.17 7.25 16.43 23.67 
7.09 16.09 23.18 7.25 16.44 23.69 
7.10 16.10 23.2 725 16.45 23.70 
7.10 16.11 23°91 7.26 16.46 23.71 
7.10 16.12 28 22 7.26 16.47 23.73 
7 U1 16.13 23.24 ey 16.48 23.74 
Tad 16.14 23.25 Oe 16.49 23.76 
7.12 16.15 23.27 7.28 16.50 OB a, 
7.12 16.16 5398 7.28 16.51 23.79 
71s 16.17 23.3 7-28 16.52 23.80 
748 16.18 2331 7.29 16.53 23.81 
7.13 16.19 28 30 7.29 16.54 23.83 
7.14 16.20 23.34 720 16.55 23.84 
7.14 16.21 23.35 7.30 16.56 23.86 
7.15 16.22 23.37 7 3t 16.57 23.87 
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TABLE 31 (Continued). 


Per Cent Per Cent Per Cent Per Cent Per Cent Per Cent 
Fat See Neves Dass Fat S. N. F. ats iS 
no 16.58 23.89 7.49 16.99 24.48 
Mig? 16.59 23.90 7.49 17.00 24.49 
Ue 16.60 (23.92 oY) il7/ (00 24.51 
cP? 16.61 Donoo 50 02 24.52 
US 16.62 23.94 Tut 17.03 24.54 
oS 16.63 23.96 Hil 17.04 24.55 
7.34 16.64 23.97 eo 17.05 24.56 
Uae! 16.65 23.99 HABP 17.06 24.58 
C8 16.66 24.00 HS 17.07 24.59 
3D 16.67 24.02 ae 17.08 24.61 
1.80 16.68 24.03 | TOO 17.09 24.62 
7-86 16.69 24.05 Hs 17.10 24.64 
7.36 16.70 24.06 Toe ig dul 24.65 
oo 16.71 24.07 7.54 hee 24.66 
TB 16.72 24.09 U 180) efaecliss 24.68 
Tf x0 1G 24.10 HDS 17 Al 24.69 
7.38 16.74 24.12 Woo NZ, ss 24.71 
7.38 Ue 165) 24.13 7.56 17.16 Amie 
7.39 16.76 24.15 7 Be 7 Are 24.74 
83 OMEL 24.16 Uf DE les 24.75 
7.39 16.78 Dard 7.58 Pf 8S) 24.77 
7.40 16.79 24.19 7.58 17.20 24.78 
7.40 16.80 24.20 7.58 Nef Al 24.79 
UoAL 16.81 24 .22 7.59 170 OP 24.81 
7.41 16.82 24 23 7.59 17528 24.82 
7.42 16.83 24.25 7.60 17.24. 24.84 
7:42 16.84 24.26 7.60 We25 24.85 
7.48 16.85 24 28 Zell 17.26 24.87 
7.43 16.86 24.29 Gaol UP PA 24.88 
7.43 16.87 24.30 OO? 17.28 24.90 
7.44 16.88 24 32 ASP 17.29 24.91 
7.44 16.89 24.33 if AGP 17.30 24.92 
7.45 16.90 24 35 7.63 7B 24.94 
7.45 16.91 24.36 7.63 17 Be 24.95 
7.46 16.92 24.38 7.64 ila .33) 24.97 
7.47 16.98 24.39 7.64 17.34 24.98 
7.47 16.94 24.41 vant) W733 25.00 
7.47 16.95 24.42 | 7.65 17.36 25.01 
7.47 16.96 24.43 7.65 od 25002 
7.48 16.97 24.45 7.66 17.38 25.04 
7.48 16.98 24.46 7.66 17.39 25.05 
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TABLE 31 (Continued). 
Overcon- Overcon- 
Per | Per Cent | Per Cent | densation || Per | Per Cent | Per Cent | densation 
Cent) |S: NaF: ats Se 7.80-25.50 || Cent | S. N. F. T.S. | 7.80-25.50 
Fat Standard |} Fat Standard 
Od, 17.40 25.07 T2285 17.82 25.67 .0066 
7.67 17.41 25.08 7.86 17.83 25.69 .0074 
7.68 | 17.42 25.10 7.86 17.84 25.70 .0078 
7.68 17.48 Qo: Uaisvl 17.85 25.02 .0086 
7.69 17.44 Done 7.87 17.86 Die .0090 
7.69 17.45 25.14 7.88 Weroy 250.00 .0098 
7.69 17.46 Dome 7.88 17.88 25.76 .0101 
sh) 17.47 PS a ile 7.88 17.89 PASE UG 0105 
en) 17.48 25 AS 7.89 17.90 25.79 .0113 
Wet! 17.49 25.20 7.89 17.91 25.80 0117 
aaa 17.50 25221 7.90 17.92 25.82 ADS 
CE ol 2ou25 7.90 17.93 25.83 .0129 
Ce Ls 52 25.24 7.91 17.94 25.85 .0137 
U0 17.53 25.26 7.91 17.95 25.86 .0141 
303 17.54 DS Dil 7.91 17.96 25.87 .0145 
OS 17-55 PATEL ee Bos ha, orn 7.92 17.97 25.89 .0152 
7.74 17.56 25.30 7.93 17.98 25.90 .0156 
7.74 Wino 25.31 7.93 17.99 25.92 .0164 
ee) 17.58 25.33 7.93 18.00 25.93 0168 
CTS 17.59 25.34 7.94 18.01 25.95 .0176 
7.76 17.60 25.36 7.94 18.02 25.96 .0180 
7.76 17.61 PASS OH 7.95 18.03 25.98 .0188 
Coli Wel oP? 2589 7.95 18.04 25.99 .0192 
etd. L638; 25.40 7.95 18.05 26.00 .0196 
tht 17.64 25.41 He 7.96 18.06 26.02 .0203 
7.78 17 Las} 25.43 ae 7.96 18.07 26.03 .0207 
athe: 17.66 25.44 7.97 18.08 26.05 .0215 
7.79 ee AO 25.46 Omar 18.09 26.06 .0219 
7.79 17.68 DOALT lt cent ies 7.98 18.10 26.08 50227 
7.80 17.69 25.49 7.98 18.11 26.09 .0231 
7.80 17.70 25.50 ONE in Gece) 18.12 26.11 .0239 
7.80 WM 20,51 .0004 7.99 18.138 26.12, .0243 
7.81 Wy PAS IPA .0007 7.99 18.14 26.13 .0246 
7.81 ate 25.54 .0015 8.00 18.15 PAD EN YS) .0254 
7.82 ieee: 25.56 .0023 8.00 18.16 26.16 .0258 
7.82 Ie 705) 25.57 .0027 8.01 IN bys 26.18 .0266 
7.83 17.76 25.59 .0035 8.01 18.18 26.19 .0270 
7.83 Wee eles 25.60 .0039 8.02 18.19 26.21 .0278 
7.84 Lies 25.62 .0047 8.02 18.20 20222) .0282 
7.84 17.79 25.63 .0050 8.03 18.21 26.24 .0290 
7.84 17.80 25.64 .0054 8.03 Se? 26.25 .0294 
7 85 | 17.81 25.66 .0062 8.03 18.23 26.26 .0297 
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TABLE 81 (Continued). 

Overcon- Overcon- 

Per | Per Cent | Per Cent | densation | Per | Per Cent | Per Cent | densation 

Cent | S. N. F. T.S. | 7.80-25.50 | Cent | S. N. F. te Sy 7.80-25.50 
Fat Standard | Fat Standard 
8.04 18.24 26.28 .03805 | 8.22 18.66 26.88 .0540 
8.04 18.25 26.29 .0309 | 8.23 18.67 26.90 .0548 
8.05 18.26 26.31 BOS I MmneSeeo 18.68 26.91 .0552 
8.05 18.27 26.32 .0321 8.24 18.69 26.93 .0560 
8.06 18.28 26.34 .0329 | 8.24 18.70 26.94 0564 
8.06 18.29 26.35 UB8S 83,255 18.71 26.96 .0572 
8.06 18.30 26.36 AUB II 3.745) 18.72 26.97 .0576 
8.07 18.31 26.38 .0344 | 8.25 18.73 26.98 .0580 
8.07 18.32 26.39 .03848 | 8.26 18.74 27.00 .0588 
8.08 18833 26.41 .0356 || 8.26 18.75 Bet AMIN .0591 
8.08 18.34 26.42 .03860 || 8.27 18.76 27.08 .0599 
8.09 18.35 26.44 .0366 || 8.27 18.77 27.04 .0603 
8.09 18.36 26.45 SOBA ANS ORS | ale As} 27.06 0611 
8.10 18.37 26.47 .0380 | 8.28 18.79 27.07 .0615 
8.10 18.38 26.48 .0384 | 8.29 18.80 27.09 .0623 
8.10 18.39 26.49 .0388 | 8.29 18.81 27.10 .0627 
8.11 18.40 26.51 .0395 | 8.29 18.82 Pao ALi .0631 
Seal 18.41 26.52 .0400 | 8.30 18.83 PH ANB .0638 
Sal2 18.42 26.54 .0407 | 8.30 18.84 27.14 0642 
8.12 18.43 26.55 .0412 | 8.31 18.85 PENG .0650 
8.13 18.44 26.50 .0417 | 8.31 18.86 PAE ATE .0654 
8.13 18.45 26.58 .0423 | 8.32 18.87 Pf VS) .0662 
8.14 18.46 26.60 0431 8.32 18.88 27 .20 0666 
8.14 18.47 26.61 10435) 98232 18.89 PU PA .0670 
8.14 18.48 26.62 .0439 | 8.33 18.90 DTn23 .0678 
8.15 18.49 26.64 .0446 | 8.33 18.91 Die2e 0682 
8.15 18.50 26.65 .0450 | 8.34 18.92 27 .26 .0689 
8.16 18.51 26.67 .0458 || 8.34 18.93 Pah PAE .0693 
8.16 18.52 26.68 .0462 | 8.35 18.94 27.29 .0701 
8.17 18.53 26.70 .0470 || 8.35 18.95 2730 .0705 
8.17 18.54 2600L .0471 8.36 18.96 Dion .0713 
8.17 18.55 26.72 .0478 | 8.36 18.97 ROO .0717 
8.18 18.56 26.74 .0486 | 8.36 18.98 27.34 .0721 
8.18 18.57 26.75 .0490 | 8.3 18.99 27 .36 .0729 
8.19 18.58 26euu .0497 | 8.37 19.00 OO Ones 
8.19 18.59 26.78 .0501 8.38 19.01 27.39 .0740 
8.20 18.60 26.80 .0509 | 8.38 19.02 27.40 .0744 
8.20 18.61 26.81 .0513 || 8.39 19.03 27.42 .0752 
8.21 18.62 26.83 .0521 8.39 19.04 27.43 0756 
8.21 18.63 26.84 10525) | S39 19.05 27.45 .0764 
8.21 18.64 26.85 .0529 | 8.40 19.06 27.46 .0768 
8722 18.65 26.87 .0537 ‘|| 8.40 19.07 20.47 .0772 


194 STANDARDIZING EWAPORATED MILK 
TABLE 81 (Continued). 
Overcon- Overcon- 
Per | Per Cent | Per Cent | densation | Per | Per Cent | Per Cent | densation 
Cent |S. Ni. EF: ahs Se 7.80-25.50] Cent | S. N. F. ARES 7.80-25.50 
Fat Standard | Fat Standard 
8.41 19.08 27.49 .0780 8.59 19.50 28.09 .1015 
8.41 19.09 27250 .0784 8.60 19.51 Zsa .1023 
8.42 19.10 PA V2 .0792 8.60 19.52 28 12 .1027 
8.42 19.11 Does .0796 8.61 19.53 28.14 .10385 
8.43 19.12 Patt t5)0) .0803 8.61 19.54 DSS . 1039 
8.438 19.13 21 106 0807 8.62 19.55 28.17 . 1047 
8.43 19.14 PH ty .O811 8.62 19.56 28.18 . 1050 
8.44 19.15 27.59 .0819 8.62 19.57 28.19 . 1054 
8.44 19.16 27.60 .0823 8.63 19.58 28.21 . 1062 
8.45 19:17 27.62 .0831 8.638 19.59 28 .22 . 1066 
8.45 19.18 27.63 .08385 8.64 19.60 28 24 .1074 
8.46 19.19 PEARS .0843 8.64 19.61 28.25 .1078 
8.46 19.20 27 .66 .0847 8.65 19.62 28.27 . 1086 
8.47 19.21 27.68 .0854 8.65 19.63 28.28 . 1090 
8.47 19.22 27.69 .0858 8.66 19.64 28.30 .1098 
8.47 19.23 Pal AD) . 0862 8.66 19.65 28.31 .1101 
8.48 19.24 TAL UPA .0870 8.66 19.66 28.32 .1105 
8.48 19.25 Pal AS 0874 8.67 19.67 28 .34 INS: 
8.49 19.26 Pat Us .0882 8.67 19.68 28.35 slbl7? 
8.49 19.27 PH HS .0886 8.68 19.69 28.37 Sao 
8.50 19.28 PH Tes) .0894 8.68 19.70 28.38 .1129 
8.50 19.29 27.79 .0898 8.69 19.71 28.40 sllissey 
Spo 19.30 27.80 .0901 8.69 19.72 28.41 .1141 
8.51 19.31 27.82 .0909 8.70 19.73 28.43 .1149 
8.51 19.32 27 .83 .0913 8.70 19.74 28.44 Silay 
Sroz 19R3S 27.85 .0921 8.70 19.75 28 .45 .1156 
8.52 19.34 27.86 .0925 8.71 19.76 28.47 .1164 
8.53 19.35 27.88 .0933 Sriil 19.77 28.48 .1168 
8.53 19.36 27.89 .0937 8.72 19.78 28.50 .1176 
8.54 19.37 27.91 .0945 8.72 19.79 28.51 .1180 
8.54 19.38 27.92 0949 8.73 19.80 28.53 .1188 
Seoo) 19.39 27.94 .0956 8.73 19.81 28.54 .1192 
8.55 19.40 27295 .0960 8.73 19.82 281.55 .1195 
8.55 19.41 27.96 .0964 8.74 19.88 Domo . 1203 
8.56 19.42 27.98 .0972 8.74 19.84 28.58 . 1207 
8.56 19.438 27.99 .0976 8.75 19.85 28.60 pLZTS 
8.57 19.44 BO SRO .0984 8.75 19.86 28.61 .1219 
Sirol 19.45 28.02 .0988 8.76 19.87 28.63 APH 
8.58 19.46 28.04 .0996 8.76 19.88 28.64 RL 
8.58 19.47 28.05 . 1000 Sia 19.89 28.66 . 1239 
8.58 19.48 28.06 . 1003 8.77 19.90 28.67 . 1248 
8.59 19.49 28.08 -1011 8.77 19.91 28.68 . 1247 
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TABLE 31 (Concluded). 


Overcon- : Overcon- 
Per | Per Cent | Per Cent | densation || Per | Per Cent | Per Cent | densation 
Cent | S. N. F. pea. 7.80-25.50 || Cent | S. N. F. cS: 7.80-25.50 
Fat Standard | Fat Standard 
8.78 19.92 28.70 .1254 | 8.89 |- 20.18 29.07 . 1400 
8.78 19.93 28.71 .1258 | 8.90] 20.19 29.09 . 1407 
8.79 19.94 Demie .1266 || 8.90 | 20.20 29.10 1411 
8.79 19.95 28.74 ABD I SO |) LO Vil 29.12 .1419 
8.80 |. 19.96 28.76 .1278 | 8.91 20.22 ID) NS? . 1423 
8.80 19.97 PUT NA | Boe || DOOR 29.15 1481 
8.81 19.98 28.79 .1290 | 8.92 | 20.24 29.16 .1435 
8.81 19.99 28.80 .1294 | 8.92 | 20.25 29.17 . 1443 
8.81 20.00 28.81 .1298 || 8.93 | 20.26 29.19 .1447 
8.82 | 20.01 28.83 SO || Ss || 20.27 29.20 . 1450 
Se |) AOGY 28.84 .1809 | 8.94 | 20.28 29 .22 .1458 
8.83 | 20.03 28.86 sue | eS | XO 9) 29.23 . 1462 
8.83 | 20.04 28.87 Be sno A 0 0) 29.25 . 1470 
8.84 | 20.05 28.89 IBRD I SOR) ON) stl 29.26 1474 
8.84 | 20.06 28.90 .13833 | 8.96 | 20.32 29.28 . 1483 
8.84 | 20.07 28.91 .13837 || 8.96 | 20.33 29.29 . 1486 
8.85 | 20.08 28.93 .1845 | 8.96 | 20.34 29.30 . 1490 
8.85 | 20.09 28.94 .1849 | 8.97 | 20.35 29 32 .1498 
8.86 | 20.10 28.96 .1856 | 8.97 | 20.36 29.33 .1501 
8.86) 20°11 28.97 .1360 | 8.98 | 20.37 29.35 .1509 
er || AON 28.99 .1868 | 8.98 | 20.38 29.36 .1513 
8°87) 2013 29.00 .1372 || 8.99 | 20.39 29.38 bpal 
8.88 | 20.14 29.02 .1380 | 8.99 | 20.40 29.39 Tas} 
8.88 | 20.15 29.03 .1884 | 8.99 | 20.41 29.40 . 1529 
8.88 | 20.16 29.04 .1388 | 9.00 | 20.42 29.42 By 
BQ} BO. ile 29.06 . 1396 


Table 31 gives the percentages of fat, 8. N. F. and T. 8. all in 
the proper ratio one to the other for standardizing evaporated 
milk upon the basis of 7.80 per cent of fat, and 25.50 per cent of 
T. S. The table has a range from 7.00 per cent to 9.00 per cent 
of fat, and from 15.88 per cent to 20.42 per cent of S. N. F. The 
table also gives the factor of overcondensation from 7.80 to 9.00. 
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TABLE 31A. 


Percentages fat and S. N. F., in the proper ratio to standardize evaporated 
milk upon the basis of 7.80 per cent fat and 25.90 per cent T. S. Ratio being 
1S. N. F. to .4809: fat. 


Per Cent Per Cent Per Cent Per Cent Per Cent Per Cent 
Fat S. N. F. a0 tS Fat S. N. F. Tiss 
6.84 15.88 Qe 6.99 16.23 23522 
6.85 15.89 22.74 7.00 16.24 23.24 
6.85 15.90 PLUS 7.00 1G) Fas 23025 
6.86 15.91 22G 7.01 16.26 MES PAT 
6.86 15.92 22.78 LO 16.27 23 .28 
6.86 15.93 22.79 7.02 16.28 23.30 
6.87 15.94 22.81 7.02 16.29 23.31 
6.87 15.95 22.82 7.02 16.30 2omeZ 
6.88 15.96 22.84 7.03 16.31 23 .34 
6.88 15.97 22.85 7.03 16.32 Domoe 
6.89 15.98 22.87 7.04 16.33 UPN 
6.89 15.99 22.88 7.04 16.34 23.38 
6.89 16.00 22.89 7.05 16.35 23.40 
6.90 16.01 22.91 7.05 16.36 23.41 
6.90 16.02 DP Oe (05 16.37 23.42 
6.91 16.03 22.94 7.06 16938 23.44 
6.91 16.04 22895 7.06 16.39 23.45 
6.92 16.05 22.97 7.07 16.40 23.47 
6.92 16.06 22.98 7.07 16.41 23.48 
6.92 16.07 22.99 7.08 16.42 23.50 
6.93 16.08 23.01 7.08 16.43 23.51 
6.93 16.09 23.02 7.08 16.44 23no2 
6.94 16.10 23.04 7.09 16.45 23.54 
6.94 16.11 23.05 7.09 16.46 23000 
6.95 16.12 PBX AVS GLO 16.47 PBI 
6.95 16.13 23.08 HA 16.48 23.58 
6.95 16.14 23.09 hol 16.49 23.60 
6.96 16.15 Dom lel 16.50 23.61 
6.96 16.16 Dome (foilit 16.51 23 .62 
6.97 16.17 23.14 We 1 23.64 
6.97 16.18 Doak (A? 16.53 PBS (G5) 
6.98 16.19 DEBS AS 1183 16.54 23860 
6.98 16.20 23.18 ol} 16.55 23.68 
6.98 eel 23.19 7.14 16.56 23500 
6.99 16.22 2321 7.14 16.57 PTL 
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Per Cent Per Cent Per Cent Per Cent Per Cent Per Cent 
Fat Se Neer 40 Sh Fat S.N. F. AR ASE 
7.14 16.58 PBST) (232) 16.99 24.31 
Uo lls 16.59 23.74 7.33 17.00 24 .33 
To 1) 16.60 2300 Us OL 24.34 
ol 16.61 23200 UB 17.02 24.35 
7.16 16.62 Doms (eos: 17.03 24.37 
Clte 16.63 23.80 7.34 17.04 24 .38 
fh ANS 16.64 23.81 30 OS 24.40 
Co Ath 16.65 23.82 natis 17.06 24.41 
7.18 16.66 23.84 Uso 17.07 24.43 
7.18 16.67 23.85 7.36 17.08 24.44 
7.19 16.68 23.87 7.36 17.09 24.45 
7.19 16.69 23.88 oat 17.10 24.47 
7.20 16.70 23.90 UBM et 24.48 
7.20 16.71 23.91 7.38 ih7h 102 24.50 
7.20 16.72 23 .92 7.38 lye 10 24.51 
Al 16.73 23.94 1239 17.14 24.53 
G2" 16.74 23.95 7.39 17.15 24.54 
ee 16.75 23 .97 7.39 17.16 24.55 
PP 16.76 23.98 7.40 17.17 24.57 
UO 16.77 24.00 7.40 Ves 24.58 
eB: 16.78 24.01 7.41 17.19 24.60 
PBS 16.79 24.02 7.41 17.20 24.61 
7.24 16.80 24.04 7.42 Wf P4| 24.63 
7.24 16.81 24.05 7.42 1176 Pe 24.64 
HPs 16.82 24.07 7.42 17.23 24.65 
UPS 16.83 24.08 7.438 17.24 24.67 
7.26 16.84 24.10 7.43 17.25 24.68 
t20 16.85 24.11 7.44 17.26 24.70 
7.26 16.86 24.12 7.44 Ph Pare 24.71 
ee 16.87 24.14 7.45 17.28 24.73 
1 PRE 16.88 24.15 7.45 17.29 24.74 
7.28 16.89 24.17 7.45 17.30 24.75 
7.28 16.90 24.18 7.46 le seul 24.77 
7.29 16.91 24.20 7.46 17.32 24.78 
7.29 16.92. 2221) 7.47 1%.33 24.80 
7.30 16.93 24,23 7.47 17.34 24.81 
7.30 16.94 24.24 7.48 17735 24 .83 
7.30 16.95 24.25 7.48 17.36 24.84 
soll 16.96 24.27 7.48 7 8¥/ 24.85 
eo 16.97 24.28 7.49 17.38 24.87 
7,32 16.98 24.30 7.49 17.39 24.88 
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TABLE 31A (Continued). 
Overcon- 
Per Cent] Per Cent | Per Cent | Per Cent | Per Cent | Per Cent | densation 
Fat Sb INE 1 aU, Fat Sep Nee Et oS 7.80-25.90 
Standard 
7.50 17.40 24.90 7.68 UG PBS. XY) 
7.50 17.41 24.91 7.68 1/333 Doeoll! 
TES 17.42 24.93 7.69 17.84 PRS 53 
Uooil 17.438 24.94 7.69 geo 25.54 
Geol 17.44 24.95 7.70 17.86 ROO! || ee cuePaac ees 
oe) 17.45 24.97 7.70 17.87 VAS Uihen Svea cealgeeoee a 
1S 17.46 24.98 7.70 17.88 DONO Sa lO temas 
03 17.47 25.00 eal 17.89 DOGO Oia Nansen 
os 17.48 PAOD Helih 17.90 25.61 
7.54 17.49 PAS) AUB! inise, ie Ol DOGS. ei se Renae tae 
7.54 17.50 25.04 (LO 17.92 DO AOA = alba tee caterers 
3S 10 dl 25.06 Th US 17.93 ZOTOOM. te koer ne seat 
C35 Ty 52 25.07 Co 17.94 DAE AS 
5D YC, 383 25.08 U8 17.95 25.68 
Weoo 17.54 PASO) 7.74 17.96 25.70 
7.56 Nf 55) Doel 7.74 17.97 PS 
Ost Wel 8 20.18 LAD 17.98 PRA: 
Bel TL¢/ Sv 25.14 USS 17.99 25.74 
OS ios PAE AG) U6 18.00 216 
WaoOS hee 58) Doni 7.76 18.01 PAS 
7.58 17.60 Passe lis: 16 TKS) 18.02 25.78 
7.59 17.61 25.20 Gall 18.03 EO OU SOS Blane tears 
7.59 M762 25.21 0 18.04 DAS etoy Wee leans, 21k GS 
7.60 17.63 2D) 2S ee 18.05 29).,83 
7.60 17.64 25.24 oWS 18.06 Pyro MN asetten sot aye Ua 
7.61 eo 2 26) 7.79 18.07 25.86 
7.61 17.66 OM 7.79 18.08 25.87 
Tao 17.67 20.28 7.79 18.09 25.88 
1-62 17.68 25,30 7.80 18.10 25.90 5 a 
Oz 17.69 Ps) Blt 7.80 Splatt 25.91 .0004 
7.63 17.70 25.38 7.81 18.12 25.93 .0012 
7.63 I ZA 25.34 Tf tell Sis 25.94 .0015 
7.64 Wet) 25.80 7.82 18.14 25.96 .00238 
7.64 aed Donor 1282 18.15 25.97 .0027 
7.64 17.74 25-85 7.83 18.16 25.99 .0035 
7.65 17.75" 3) 25.40 7.83 18.17 26.00 .0039 
7.65 17.76 25.41 7.83 18.18 26.01 .0042 
7.66 UZ 25.43 7.84 18.19 26.03 .0050 
7.66 17.78 25.44 7.84 18.20 26.04 .0054 
Od 17.79 25.46 7.85 18.21 26.06 .0062 
ino 17.80 25.47 7.85 Lee? 26.07 .0066 
7.67 17.81 25.48 7.86 18.23 26.09 .00738 
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TABLE 31A (Continued). 


Overcon- Overcon- 
Per | Per Cent | Per Cent | densation | Per | Per Cent | Per Cent | densation 
Cent | 8S. N. F. IS: 7.80-25.90 | Cent | S. N. F. {TaSe 7.80-25.90 
Fat Standard | Fat Standard 
7.86 18.24 26.10 .0077 | 8.04 18.66 26.70 .0309 
7.86 18.25 26.11 .0081 8.04 18.67 26a Al .0313 
7.87 18.26 26.13 .0089 | 8.05 18.68 26.73 .0320 
7.87 18.27 26.14 .0093 | 8.05 18.69 26.74 .0324 
7.88 18.28 26.16 .0100 | 8.06 18.70 26.76 .0332 
7.88 18.29 Zowlid .0104 | 8.06 18.71 26.77 .0336 
7.89 18.30 26.19 AOU, Oe 18.72 26.79 0344 
7.89 18.31 26.20 .0116 | 8.07 18.73 26.80 .0347 
7.89 18.32 26.21 .0120 | 8.08 18.74 26.82 .0355 
7.90 18.33 26.23 .0127 | 8.08 18.75 26.88 - .0359 
7.90 18.34 26.24 .0131 8.08 18.76 26.84 .0363 
7.91 18.35 26.25 .0135 | 8.09 IRs 0 26.86 .0371 
7.91 18.36 PA Pall .0143 | 8.09 18.78 26.87 .0375 
7.92 18.37 26.29 .0151 8.10 | 18.79 26.89 .0382 
7.92 18.38 26.30 .0154 | 8.10 18.80 26.90 .0386 
7.92 18.39 AS ail LOSS). | Sault 18.81 26.92 .0394 
7.93 18.40 26.33 .0166 | 8.11 18.82 26.93 .0398 
7.93 18.41 | 26.34 O70) rede, 1fa 18.83 26.94 .0402 
7.94 18.42 26.36 AOU 7AS |p te, 18.84 26.96 .0409 
7.94 18.43 26.37 .0181 8.12 18.85 26.97 .0413 
7.95 18.44 26.39 .0189 | 8.13 18.86 26.99 .0421 
7.95 18.45 26.40 .0193 | 8.13 18.87 27.00 0425 
7.95 18.46 26.41 .0197 | 8.14 18.88 27.02 0432 
7.96 18.47 26.43 .0205 | 8.14 18.89 27.03 0436 
7.96 18.48 26.44 .0208 | 8.14 18.90 27.04 .0440 
7.97 18.49 26.46 FOZT6 MME Selto 18.91 27.06 0448 
7.97 18.50 26.47 .0220 | 8.15 18.92 27.07 0452 
7.98 18.51 26.49 .0228 | 8.16 18.93 27.09 .0459 
7.98 18202 26.50 .0232 | 8.16 18.94 27.10 .0463 
7.98 18.53 DowoL FO23 GRO mL a 18.95 PAL MP? 0471 
7.99 18.54 26.53 .0243 | 8.17 18.96 Pmt) .0475 
7.99 18.55 26.54 OPAL |) 33,107 18.97 27.14 .0479 
8.00 18.56 26.56 NOZOMI SMS 18.98 27.16 .0486 
8.00 18.57 26200 .0259 | 8.18 18.99 Dif A .0490 
8.01 18.58 26.59 .0265 | 8.19 19.00 27.19 .0498 
8.01 18.59 26.60 .0270 | 8.19 19.01 27.20 .0502 
8.01 18.60 26.61 O02 (Amaleoee 0 19.02 Di 22, .0510 
8.02 18.61 26.63 .0282 | 8.20 19.03 Dil Mes "0514 
8.02 18.62 26.64 .0286 | 8.20 19.04 27 .24 .0517 
8.03 18.638 26.66 .0293 | 8.21 19.05 Dl PE .0525 
8.08 18.64 26.67 .0297 | 8.21 19.06 27.20 .0529 
8.04 18.65 26.69 SOZ05umIn Smee 19.07 27.29 .0537 
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TABLE 31A (Continued). 
Overcon- Overcon- 
Per | Per Cent | Per Cent | densation | Per | Per Cent | Per Cent | densation 
Cent | S. N. F. Rese 7.80-25.90 || Cent | S. N. F. ARISE 7.80-25.90 
Fat Standard | Fat Standard 
8.22 19.08 27.30 .0541 8.40 19.50 27.90 .0772 
8.23 19.09 27.32 .0548 8.41 19.51 27.91 0776 
8.23 19.10 27.33 .0552 8.41 19.52 27.93 .O784 
8.23 19.11 27.34 .0556 8.42 19.53 27.95 .0792 
8.24 19.12 27.36 .0564 8.42 19.54 27.96 .0795 
8.24 19.13 par SY .0568 8.42 19.55 27.97 .0799 
SePh a 19214: 27.39 .0575 | 8.438 19.56 27.99 .O807 
8.25 19.15 27.40 .0579 8.438 19.57 28.00 .O811 
8.26 19.16 27.42 0587 8.44 19.58 28.02 0819 
8.26 19.17 27 .43 0591 8.44 19.59 28.03 .0822 
8.26 19.18 27.44 .0595 8.45 19.60 28.05 .0830 
Send 19.19 27.46 . 0602 8.45 19.61 28.06 0834 
8.27 19.20 27.47 .0606 8.45 19.62 28 .07 0838 
8.28 | 19.21 27.49 .0614 | 8.46 19.63 28.09 .0846 
8.28 19.22 27.50 0618 8.46 19.64 28.10 -.0849 
8.29 19.23 21-52 0625 8.47 19.65 28.12 .0857 
8.29 19.24 Binoo .0629 8.47 19.66 28.13 .O861 
8.29 19.25 27.54 .06383 8.48 19.67 28.15 0869 
8.30 19.26 27.56 0641 8.48 19.68 28.16 .0873 
8.30 19.27 27.50 .0645 8.48 19.69 ZSahy .O876 
8.31 19.28 27.59 .0653 8.49 19.70 28.19 .O884 
8.31 19.29 27.60 .0656 | 8.49 TORIES OO .O888 
8.32 19.30 27.62 .0664 8.50 19.72 28 .22 .0896 
8.32 19.31 27.638 .Q668 8.50 19.73 28 .23 .0900 
8.32 19.32 27.64 .0672 8.51 19.74 28.25 .0907 
8.33 19.33 27.66 .0680 8.51 19.75 28 .26 -O911 
8.33 19.34 21-67 0683 8.51 19.76 28 .27 .0915 
8.34 19.35 27.69 0691 8.52 19.77 28 .29 .0923 
8.34 19.36 27.70 .0695 8.52 19.78 28.30 .0927 
8.34 19.37 27.72 .0703 8.53 19.79 28.32 .0934 
8.35 19.38 27.73 .O707 | 8.538 19.80 28.33 .09388 
8.36 19.39 2 Oo .0714 8.54 19.81 28.35 .0946 
8.36 | 19.40 27.76 .O718 | 8.54] 19.82 28.36 .0950 
8.36 19.41 a ey i .0722 8.54 19.83 28.37 0954 
$.37 19.42 27.79 .0730 8.55 19.84 28.39 0961 
8.37 19.438 _ 27.80 0734 8.55 19.85 28.40 .0965 
8.38 19.44 27.82 0741 8.56 19.86 28.42 .0973 
8.38 | 19.45 27.83 .0745 | 8.56} 19.87 28.43 .0977 
8.39 19.46 27.85 .0753 8.57 19.88 28.45 0985 
8.39 | 19.47 27.86 .0757 | 8.57 19.89 28.46 .0988 
8.39 19.48 27.87 .0761 | 8.57 19.90 28.47 .0992 
8.40 | 19.49 27.89 .O768 | 8.58 | 19.91 28.49 . 1000 
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TABLE 31A (Concluded). 


Overcon- Overcon- 
Per | Per Cent | Per Cent densation | Per | Per Cent | Per Cent | densation 
Cent | 8S. N. F. 4 SE 7.80-25.90 | Cent | S. N. F. 4b. Sh 7.80-25.90 


Fat Standard | Fat Standard 
8.58 19.92 28.50 .1004 | 8.70 | 20.18 28.88 ploy 
8.59 19.93 28.52 .1012 | 8.70] 20.19 28.89 .1154 
8.59 19.94 28203 LOLS mal S20 |e 20.20 28.90 .1158 
8.60 19.95 28.55 PlO2Z3eelleSe lai 20L2 1 28.92 .1166 
8.60 19.96 28.56 LOZ aS sale ae Z0s22 28.93 .1170 
8.61 19.97 28.58 10359 | S227) 20223 28.95 .1178 
8.61 19.98 28.59 .1039 | 8.72 | 20.24 28.96 .1181 
8.61 19.99 28.60 .1042 | 8.73 | 20.25 28.98 .1189 
8.62 | 20.00 28.62 11050873 |, 20:26 28.99 1193 
8.62 | 20.01 28.63 51054 || 8.73 || 20.27 29.00 .1197 
8.63 | 20.02 28.65 .1062 || 8.74] 20.28 29.02 1205 
8.63 | 20.03 28.66 .1066 | 8.74 | 20.29 29.03 .1208 
8.64 | 20.04 28.68 .1073 SaPhD || AO 29.05 .1216 
8.64 | 20.05 28.69 PLOZ nS donee ot 29.06 . 1220 
8.64 | 20.06 28.70 .1081 SaiGameOURoe 29.08 1228 
8.65 | 20.07 28.72 .1089 || 8.76 | 20.33 29.09 nI282 
8.65 | 20.08 DENTS .1093 | 8.76 | 20.34 29.10 . 1236 
8.66 | 20.09 28.75 ELLOO MNES. iim le20. 30 29.12 . 1243 
8.66 | 20.10 28.76 .1104 | 8.77 | 20.36 29.13 .1247 
rankare |) AAO AE 28.78 lla 8.78 | 20.37 29.15 1255 
Si 6 fi) 20512 28.79 HU sores |) Oeste 29.16 .1259 
S567) 20n13 28.80 SPAY |) 3, 76 PAD 29.18 . 1266 
8.68 | 20.14 28.82 re ere || AO 29.19 .1270 
8.68 | 20.15 28.83 alieal 8.79 | 20.41 29.20 .1274 
8.69 | 20.16 28.85 .1139 8.80 | 20.42 29 .22 . 1282 
8.69 | 20.17 28.86 .1148 


Table 31A gives the percentages of fat, S. N. F. and T.S. all 
in the proper ratio one to the other for standardizing evaporated 
milk upon the basis of 7.80 per cent of fat and 25.90 per cent of 
T. S. The table has a range from 6.84 per cent to 8.58 per cent of 
fat, and from 15.58 per cent to 19.91 per cent of 8S. N. F. The 
table also gives the factor of overcondensation from 7.0 to 8.50. 


This table is intended to be used when standardizing after 
condensing, and also when standardizing with the use of con- 
densed milk products. One example will suffice to show its use. 
Example: Evaporated milk after condensing contains 8.25 per 
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cent of fat and 19.21 per cent S.N.F. Reference to the table 
shows that for 8.25 per cent of fat the S. N. F. should be 18.71 
per cent. The difference between 19.21 and 18.71 is .50 or the per 
cent of S. N. F. that is to be standardized. The table gives results 
that could not be obtained otherwise than by a long calculation, 
and it also helps to prevent errors. The method for applying the 
factor of overcondensation will be discussed in another paragraph 
of this chapter. 


KEY TO FORMULAS FOR STANDARDIZING EVAPORATED MILK. 


The following key gives the information required for substi- 
tuting values or figures for letters in the formulas found in this 
chapter: 

A =The desired per cent of fat in the standardized product. 

B = The desired per cent of 8. N. F. in the standardized product. 

Bt = The per cent of S. N. F. in evaporated milk, before standard- 
izing. 

C = The desired per cent of T.S. in the standardized product. 

D =The per cent of T.8. in condensed whole milk. 

D'= The pounds of evaporated milk, before standardizing. 

D?= The pounds of unsweetened condensed whole milk. 

F = The per cent of fat in the whole milk. 

F' = The per cent of fat in butter. , 

G = The per cent of fat in the cream. 

J =The per cent of 8. N.F. in the cream. 

J’ = The per cent of T.S. in the cream. 

J? = The per cent of 8. N. F. in the evaporated milk before stand- 
ardizing. 

Kt= The per cent of fat in the skim-milk. 

K? = The per cent of fat in the evaporated milk, before standard- 
izing, 

K =The per cent of fat in the unsweetened condensed whole 
milk. 

L = The pounds of skim-milk required. 

L'= The pounds of unsweetened condensed skim-milk. 

M = The per cent of 8. N. F. in the condensed whole milk. 

N = The per cent of 8. N. F. in the skim-milk. 

O = The pounds of cream required. 

O'= The per cent of T.S. in the mixed batch. 
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P = The pounds of whole milk in the batch. 
P= The pounds of butter. 
Q = The per cent of S. N. F. in the condensed skim-milk. 
R = The desired ratio of S.N.F. to fat. 
R'= The desired ratio of T.S. to fat. 
= The per cent of 8. N. F. in the whole milk. 
S'= The average per cent of fat in the mixed batch. 
S? = The average per cent of S. N. F. in the mixed batch. 
T = The per cent of T.S. in whole milk. 
T*= The per cent of T.S. in evaporated milk. 
T?= The per cent of T.S. in condensed skim-milk. 
W= The pounds of water to be added. 


PROVIDING FACTOR OF SAFETY. 


In all the problems given, the calculations are made upon the 
basis of the absolute standard without allowing any factor of 
safety. It is recommended that in practice, in the case of evapo- 
rated milk, a factor of safety of about .05 per cent of fat, and 
about .20 per cent of T. S. be allowed. When plenty of time is 
available for retests this factor of safety may be very slightly 
reduced. 


PROBLEM 7. STANDARDIZING EVAPORATED MILK BEFORE 
CONDENSING. HOW TO CALCULATE POUNDS OF 
SKIM-MILK TO ADD TO WHOLE MILK. 


The ratio between the percentage of S. N. F. and the percen- 
tage of fat in the whole milk must be more than the required 


ratio. 


Solution of Problem 7, Based Upon Rule 4: 

(1.) Divide the percentage of fat in the skim-milk by the ra- 
tio between the S. N. F. and the fat in the product desired. Sub- 
tract answer from the S. N. F. in the skim-milk. Call remainder 
A., or the percentage of S. N. F. in the skim-milk available for 
standardizing. 

(2.) Divide the percentage of fat in the whole milk by the 
ratio between the S. N. F. and the fat in the product desired. Call 
the result B. Subtract from B the percentage of S. N. EF’. present 
in the whole milk. Multiply the remainder by the pounds of 
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whole milk present in the batch. Call the result C, or the pounds 
S.N. F. short. 


(3.) Divide C by A. The answer will be the pounds of skim- 
milk necessary to standardize the batch to the required ratio. 


Solution of Problem 7, Based Upon Formula 6: 


aaa 
Pe Na oe 


K 
Nee 
R 
Problem 7, Example 9: 
Per CENT 
Products Pounds 
Fat SaeNi He Abe isk 
MIKA conta eat eee 10,000 Bo he, 8.31 12.10 
Skimemille gues rockers | een ee .16 8.47 8.63 
Composition desired......|........... 7.80 17.70 25.50 


Ratio 1S. N. F. to .4407 fat desired. 
Ratio 18. N. F. to .4561 fat in whole milk. 


Solution of Problem 7, Example 9, Based Upon Rule 4: 


(1.) To calculate the available 8S. N. F. in the skim-milk. 


16 — .4407 = .86, per cent of S.N.F. required to equalize the 
fat in the skim-milk. 
8.47—.36=8.11, per cent of S. N. F. available for standardizing. 


(2.) To calculate the pounds of S.N.F. short. 


3.79 —- .4407 = 8.60, per cent of S.N.F. required. 
8.60 —8.31 = .29, per cent of S.N.F. short. 
10000 « .0029 = 29, pounds of S. N. F. short. 


(3.) To calculate the pounds of skim-milk required. 
29 — .0811 = 358, pounds of skim-milk required. 
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Solution of Problem 7, Based Upon Formula 6: 


( Oe —0381) x 10,000 
L 


4407 358 
.0016 ac 
0847 —____ 
4407 
Proof of Problem 7, Example 9: 
Pounps Per Crent 
Products Pound 
Hate |SaNe be Das: loan (SINS JBa) 285 Se 
VID coe tne sty eteetcc x: 10,000 379 831 1210 3.79 Srolmielenle 
Skiro-nail koe ee (358 1 30 31 .16 8.47 8.63 
Standardized 
product......... 10,358} 80 | 861 1244) 9266 |) 8.31 || 1297 


Ratio 1 S.N.F. to .4407 fat obtained in product after stand- 
ardizing. 


STANDARDIZING EVAPORATED MILK BEFORE CONDENSING. 


Problem 8: How to Calculate Pounds of Cream to Add to Whole 
Milk: 
Ratio between the percentage of S.N.F. and fat in the whole 
milk must be less than the required ratio. 


Solution of Problem 8, Based Upon Rule 5: 


(1.) Multiply the percentage of S.N.F. in the cream by the 
ratio between the S.N.F. and the fat in the product desired. 
Subtract the result from the percentage of fat in the cream. Call 
the reminder A, or the percentage of fat in the cream available for 
standardizing. 


(2.) Multiply the percentage of S. N. F. in the whole milk by 
the ratio between the S. N. F. and the fat in the product desired. 
Call the result B, or the percentage of fat required. Subtract from 
B the percentage of fat in the whole milk. Multiply the remain- 
der by the pounds of whole milk in the batch. Call the result C, 
or the pounds of fat short. 
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3. Divide C by A. The answer will be the pounds of cream 
required to standardize the batch to the desired ratio. 


Solution of Problem 8, Based Upon Formula 7: 


0 [(SR)—F] P 
a G— (J R) 
Problem 8, Example 10: 
Per CENT 
Products Pounds 
Fat SSN. EF: aise 
INIGUIKE, Shee copa soons asc 10,000 SSO 8.63 11.98 
Creainisetes sane teers ste |lvones ae 26.38 6.44 32.82 
Composition desired after 
CONGENSIN ey ar Oe ee ene 7.80 6 740) 25.50 


Ratio of 18. N.F. to .4407 fat desired. 
Ratio of 1 8S. N. F. to .8793 fat in whole milk. 


Solution of Problem 8, Example 10, Based Upon Rule 5: 


(1.) To calculate the available fat in the cream. 


6.44 « .4407 = 2.84, per cent of fat required to equalize the 
S.N.F. in the cream. 
26.38 — 2.84 = 23.54, per cent of fat available for standardizing. 


(2.) To calculate the pounds of fat short. 


8.63 X 4407 = 3.80, per cent of fat required. 
3.80 — 3.385 =. .45, per cent of fat short. 
10000 .0045—45, pounds of fat short. 


(3.) To calculate the pounds of cream required. 


45-.2354=192, pounds of cream required. 
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Solution of Problem 8, Example 10, based upon Formula 7: 


[ (.0863 x .4407)—.0335] <10,000 
.2638—(.0644  .4407) a 


Proof of Problem 8, Example 10: 


Pounps Per CrEntT 
Products Pounds 
IRERY [Sb Nig Tal ES IS Hatha Sans Ee ila Se 
I ILS ga rls ae ea 10,000 335 863 1198 °3.35 8.63 | 11.98 
Creamer esa. 2, ee. 192 51 12 63 26.38 6.44 | 32.82 
Standardized 
DLOGUCHR ee | une 10,192 386 875 1261 3.79 8.59 | 12.38 
Ratio 1S8.N.F. to .4407 fat obtained in product after stand- 


ardizing. 


STANDARDIZING EVAPORATED MILK BEFORE CONDENSING. 


Problem 9: How to Calculate the Pounds of Cream to Add to 
Skim-milk. 
Solution of Problem 9, Based Upon Rule 6: 

(1.) Multiply the percentage of 8. N. F. in the cream by the 
ratio between the 8. N. F. and the fat in the product desired. 
Subtract the result from the percentage of fat in the cream. 
Call the remainder A, or the percentage of fat in the cream avail- 
able for standardizing. 

(2.) Multiply the percentage of S.N.F. in the skim-milk by 
the ratio between the 8S. N. F. and the fat in the product: desired. 
Call the result B. Subtract from B the percentage of fat in the 
skim-milk. Multiply the remainder by the pounds of skim-milk 
in the batch. Call the result C. 

(3.) - Divide C by A. The answer will be the number of pounds 
of cream necessary to standardize the batch to the required ratio. 


Solution of Problem 9, Based Upon Formula 8: 
f(NR) — K] L 
~~ G— (JR) 
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Problem 9, Example 11. 


Per Cent 
Products Pounds 
Fat S.N. F. AP ISk 
SS kum=nai kere eres 10,000 .20 8.63 8.83 
(Oise) she Ungerer eta A An cl ln cencier:o moe 26.38 6.44 32.82 
Composition desired after 
CONGeNSING Wawarraeee cael etree etre tees 7.80 17.70 25.50 


Desired ratio between S. N. F. and fat is 1 to .4407. 


Solution of Problem 9, Example 11, Based Upon Rule 6: 


(1.) To calculate the available fat in the cream. 
6.44 x .4407— 2.84, per cent of fat required to equalize the 
S.N. F. in the cream. 
26.388—2.84 = 23.54, per cent of fat in the cream available for 
standardizing. 


(2.) To calculate the pounds of fat short. 
8.63 xX .4407 = 3.80, per cent of fat required. 
3.80 — .20 =83.60, per cent of fat short. 
10000 .036 = 360, pounds of fat short. 


® 


(3.) To calculate the pounds of cream required. 
360—.2354—1530, pounds of cream required. 


Solution of Problem 9, Example 11, Based Upon Formula 8: 


[ (.0863 x .4407) — .0020] x 10,000 


pe 2638—(.0644<.4407) = 1530.34 


Proof of Problem 9, Example 11: 


Products Pounds Bounpa heme 
~ ene 1S INS Ia) “SSS Teka (Ss dNig dO) ARG Ss 
Skim-milk....... 10,000 20.00 | 863 883 .20 8.63 8.83 
Creame sone Os0se 4088 4aleOSet ene 502802 meCones morse lS oES 
Standardized : 


pLoducte ener 11,530.33]423.74 |961.48 |1385.22| 3.675] 8.33 | 12.00 
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Ratio of 1 S. N. F. to .4407 fat obtained in product after stand- 
ardizing. 


STANDARDIZING EVAPORATED MILK BEFORE CONDENSING. 

Problem 10. How to Calculate the Weight of Cream to Add, 
Knowing the Weight of the Whole Milk and the Skim-milk on 
Hand, and the Percentages of Fat and Solids Not Fat of All 
Three Products. 


Solution of Problem 10, Based Upon Rule 7: 

(1.) Ifthe ratio between the percentage of fat and the S. N. F. 
in the fresh milk is less than the required ratio, standardize the 
fresh milk with the skim-milk, using Rule 4. Deduct the weight 
of the skim-milk required to standardize the fresh milk from the 
total weight of skim-milk on hand. 

(2.) If the ratio between the percentage of fat and S.N.F. 
in the fresh milk is less than the required ratio, standardize the 
fresh milk with cream, using Rule 5. 

(8.) Now standardize the skim-milk remaining under 1, or all 
the skim-milk on hand, as in the case under number 2, using Rule 
9 to arrive at amount of cream necessary to add in either ease. 
Make the necessary calculations to get proper weights under the 
double standardization. 


Solution of Problem 10, Based Upon the Use of Formulas as Indi- 
cated: 
(1.) To caleulate the pounds of cream to add to the whole 


milk. 
Use Formula 7, page 206. ’ 
(2.) To calculate the pounds of cream to add to the skim-milk. 


Use Formula 8, page 207. 
Problem 10, Example 12: 


Per Crent 
Products Pounds 
Fat SoNeE. Teas 
Wihole idler rc pearsee 10,000 3.58 8.40 11.98 
Vannes, oo bosonmode ao .16 8.47 8.63 
26.38 6.44 32.82 


~~ Desired ratio of 8. N. F. to fat is 1 to .4407. 
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Solution of Problem 10, Example 12, Based Upon Rule 7: 


A. (1.) To calculate the available fat in the cream. 
6.44 x .4407 = 2.84, per cent of fat required to equalize the 
S.N.F. in the cream. 
26.38 —2.84 = 23.54, per cent of fat available for standardiz- 
ing. 


(2.) To calculate the pounds of fat short. 


8.40 * .4407 = 3.70, per cent of fat required. 
3.10 — 3.58= .12, per cent fat short. 
10000 * .0012 = 12, pounds of fat short. 


(3.) To calculate the pounds of cream required. 
12-:.2354—51.75, the pounds of cream required to standardize 
the whole milk. 


Should the whole milk require skim-milk instead of cream, use 
Rule 4, and subtract the pounds of skim-milk required from the 
total pounds of skim-milk and then standardize the balance of the 
skim-milk, using Rule 5. 


B. Calculating available fat in the cream. 

(1.) To ealeulate the available fat in the cream. 
Same as under A (1) above. It equals 23.54%, 

(2.) To calculate pounds fat short. 


8.47 X .4407 = 3.73, per cent of fat required. 
3.73— .16 =23.57, per cent of fat short. 
75 X .0857 = 2.68, pounds of fat short. 


(3.) To calculate the pounds of cream required. 


2.68-.2354—11.4, the pounds of cream required to standardize 
the skim-milk. 


C. Adding together answers obtained under A and B=51.75 
plus 11.43 = 63.18 pounds cream required to standardize the entire 
batch. . 


Solution of Problem 10, Example 12, based upon Formulas 7 and 8. 


(1.) To calculate the pounds of cream to add to the whole 
milk. 
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0840  .4407) — .03 
Et ANel x ) PE C10 000 nitoul 5 28 
2638 — (.0644 X .4407) 


(2.) To ecaleulate the pounds of cream to add to the skim- 
milk. 
[ (.0847 x .4407 ) —.0016]75 


as 2638 (0644<.4407). 1 


51.75 + 11.43 = 63.18, or total pounds of cream required. 


Proof of Problem 10, Example 12: 


Products Pounds Ropees ERB OeNe 
Fat |S. N-F.| &.S. Fat |S. N. F.| T.S. 
Whole milk...... 10,000 358 840 1198 3.58 | 8.40 | 11.98 
Skim-milk....... 75 We 6.35 6.47 sly || eh | GS} 
Creamer ames 63.18} 16.64 4.20} 20.84) 26.38 | 6.44 | 32.82 
Standardized 
product.......| 10,138.18} 374.76) 850.55]1225.31) 3.69 8.38 | 12.07 


Ratio of S. N. F. to fat obtained is 1 to .4407. 


STANDARDIZING EVAPORATED MILK BEFORE CONDENSING. 
Probiem 11: How to Calculate the Pounds of Butter to Add. 


Butter can frequently be used to good advantage in standardiz- 
ing evaporated milk. Several methods of calculation are possible, 
but only the one that gives the desired result in the smallest num- 
ber of calculations is given herewith. 


Solution of Problem 11, based upon Rule 8: 


(1.) Multiply the percentage of 8. N. F. in the fresh milk by 
the ratio between the S. N. F. and the fat in the product desired. 
Subtract from this the percentage of fat in the fresh milk. Mul- 
tiply the remainder by the pounds of the fresh milk in the batch. 
Divide the product by the percentage of fat in the butter, which 
will give the answer, or the pounds of butter to be added to the 


entire batch. 
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Solution of Problem 11, Example 13: 


Per Cent 
Products Pounds 
Fat S. N. F. mS. 
IMS erect acaee es 10,000 3.58 8.40 11.98 
Utter tice: crorstatecuiene re cers | ea cken Pokvane be SO S00 sa eaters came ss stress: ero eateiorcrrate 
Composition desired after 
condensing 7.80 17.70 25.50 


Desired ratio of S. N. F. to fat is 1 to .4407. 


Solution of Problem 11, Example 13, based upon Rule 8: 


(1.) To ealeulate the pounds of butter required. 
8.40 x  .4407=— 3.70, per cent of fat required to equalize the 
S.N. F. in the whole milk. 
3.70—3.58—.12, per cent of fat short. 
10000 .0012—12.0, pounds of fat short. 
12.0--80=—15, pounds of butter required. 


Solution of Problem 11, Example 13, based upon Formula 8: 


[ (.0840.4407)—.0358] 10000 
ad ee gies 


P 


Proof of Problem 11, Example 13: 


Products Pounds eae Oe as 
TDR SE ING Je.) ARS Fat |S. N. F.| LS. 
VU thts 10,000 358 840 1198 | 3.58 | 8.40 11.98 
Butter L 1 733}| IPAS soe ak 12503 SOOO lp ramew. tcl aera: 
Standardized 
product........]| 10,015.23] 370.18] 840 |1210.18| 3.69 | 8.38 12.08 


Ratio 18.N.F. to .4407 fat obtained in product after stand- 
ardizing. 
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STANDARDIZING EVAPORATED MILK BEFORE CONDENSING. 


Problem 12: How to Calculate the Pounds of Cream or Skim- 
milk to Use, when Mixing Together Fresh Milk and 
Bulk Condensed Whole Milk. 
Solution of Problem 12, based upon Rule 9: 

(1.) Calculate the average fat and S.N.F. test of the mixed 
fresh milk and bulk condensed milk. Get ratio of fat to S.N.F. 
in the mixed milk. 

(2.) If skim-milk is required, caleulate the amount necessary 
to add to the mixture by means of Rule 4. 

(3.) If cream is required, calculate the amount necessary to 
add to the mixture by means of Rule 5. 


Solution of Problem 12, based upon Formula 9: 

(1.) To ecaleulate the percentage of fat in the batch after 
mixing together the whole milk and the bulk condensed whole 
milk, 

ERED ER) 
Li P+ D? 

(2.) To calculate the percentage of T.S. in the batch, after 
mixing together the whole milk and the bulk condensed whole 
milk. 


s1 


(PT DD) 
P+D 
(3.) If skim-milk is required calculate according to Formula 


6, page 204. 
(4.) If cream is required, calculate according to Formula 7, 


page 206. 
Problem 12, Example 14: 


Vs 


Per CrentT 
Products Pounds 

Fat S.N. F. Wb, Se 
Millicent ees apes ee cee 10,000 3.58 8.41 11.99 
Bulk condensed milk..... 872 10.73 PAS DC 36.00 
Creamy, aera ae tonics Se tehe nhe 26.38 6.44 32.82 

Composition desired after 
CONGEDSING Mer eeteraat as ta meaenrcr ete 7.80 17.70 25.50 


Desired ratio of solids not fat to fat is 1 to .4407. 
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Solution of Problem 12, Example 14, based upon Rule 9: 


(1.) To calculate the average fat and T.S. tests of the mixed 
fresh milk and bulk condensed milk. 


Products Total pes oetet foe 
Pounds Per Cent Pounds | Per Cent | Pounds 
Whole milk........ 10,000 3.58 3858.00 |. 11.99 1199.00 
Bulk condensed : 
whole milk....... 872 OMS 93.60 36.00 313.92 
IMbseel wall. 6 og a0 ac 10,872 4.15 451.60 13.91 1512.92 


(2.) To caleulate the pounds of cream required follow solu- 
tion of Problem 8, Example 10, based upon Rule 5, page 205. The 
answer will be 68.18 or the pounds of cream necessary to add. 
Should the mixed milk require skim-milk instead of cream, follow 
the solution of Problem 7, Example 9, based upon Rule 4, page 203. 


Solution of Problem 12, Example 14, based upon Formula 9: 


(1.) To calculate the percentage of fat in the batch after 
mixing together the whole milk and the bulk condensed whole 
milk. 


8 


re (10000 x.0358) + (872.1073) __ 4 4 
10000-1872 


(2.) To calculate the percentage of T.S. in the batch after 
mixing together the whole milk and the bulk condensed whole 
milk. 


(10000 x .1199) + (872 x .36) 
10000 -- 872 


Ole == Ful 


(3.) To caleulate the pounds of cream required, follow the 
solution of Problem 8, Example 10, based upon Formula 7, page 
206. The answer will be 68.18, or the pounds of cream necessary 
to add. Should the mixture require skim-milk instead of cream, 
follow the solution of Problem 7, Example 9, based upon Formula 
6, page 204. . 
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Proof of Problem 12, Example 14: 


Products Pounds pos ee 
Je SS ING 1a) 0h 1a USB IN Lal MB, iS 
Malice ene 10,000 358.00} 841.00/1199.00) 3.58 8.41 11.99 
Bulk cond. milk.. 872 O3ROn 220522303. 82) LOL73 1925.27, 36.00 
@reamre 4 a 68.18) 17.98 4.20} 22.18) 26.38 6.44 32.82 
Standardized 
DLOCUCEAEI ECE 10,940.18} 469.58/1065.42]1535.00) 4.29 9.73 14.02 


Ratio of 1 8. N. F. to .4407 fat obtained in product after stand- 
ardizing. 


STANDARDIZING EVAPORATED MILK AFTER CONDENSING. 
Problem 13: How to Calculate When Adding Water Only. 


Ascertain from the test of the condensed product the ratio 
between the percentage of 8. N. F. and the percentage of fat. If 
the ratio is the same as in the standard, standardize with water 
only. In case the ratio between the S. N. F. and the fat is differ- 
ent than the desired ratio, and if it should be possible or prac- 
ticable to standardize with water only, standardize down to the 
lowest constituent that may happen to govern—that is, the fat or 
the S.N.F. If this is not done, the resulting product will be low 
in either fat or S.N.F. Two solutions of this problem are given. 


Solution of Problem 13, based upon Rule 10: 


(1.) Subtract the percentage of T.S. desired from the per- 
centage of T.S. in the milk that is to be standardized. Divide the 
remainder by the percentage of T.S. desired. Multiply the answer 
by the pounds of milk in the batch. The answer will be the 
pounds of water required. 

The above coefficient of overcondensation can be ascertained 
directly by referring to Tables 31 and 31A. Table 31 gives this 
value for products testing 7.80 per cent of fat and 25.50 per cent 
of T. S. Table 31A gives this value for products testing 7.80 per 
cent of fat and 25.90 per cent of T. S. When the two tables are 
available, this makes the simplest method of calculating the 
amount of water required. 
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Solution of Problem 13, based upon Formula 10: 


of 0) Dt 
C 
Problem 13, Example 15: 
Per CENT 
Products Pounds 
Fat S.N. F. ARotSy 

Evaporated milk........ 4644 8.106 18.40 26.506 
Composition desired.....|.........-. 7.80 17.70 25.500 


Solution of Problem 13, Example 15, based upon Rule 10: 


26.50 — 25.50 = 1.00, per cent of T.S. in excess. 
1.00 —- 25.50 = .0392, coefficient of overcondensation. 
4644 x .0892 = 182, pounds of water required. 


Solution of Problem 12, Example 15, based upon Formula 10: 
w— .2650 — .2550 

.2250 
Solution of Problem 13, based upon Rule 11: 


(1.) Subtract the percentage of fat desired from the percent- 
age of fat in the batch that is to be standardized. Multiply the 
pounds of milk in the batch by the remainder. Divide the prod- 
uct by the percentage of fat desired. The answer will be the 
pounds of water required to standardize the batch. 

By this method the T.S. can be used as a basis for making the 
calculations as well as the fat. This is the simpler of the two 
methods, unless in the case of the preceding method the factor 
of overcondensation can be obtained directly from a table which 
can be especially prepared to cover any standard that might be 
desired, and covering a wide range of tests. 


) 4644 — 182 


Solution of Problem 13, based upon Formula 11: 
(K?—A) Dt 


A 
Solution of Problem 13, Example 15, based upon Rule 11: 


8.106—7.80 = .806, per cent of fat in excess. 


W= 
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4644 .00306=14.21, pounds of fat in excess. 
14.21--.0780=182, pounds of water required. 


Solution of Problem 13, Example 15, based upon Formula 11: 


(.08106—.078) 4644 


Proof of Problem 13, Example 15, covering both Rules 10 and 11: 


Pounps Per Cent 


Products OUTS 5 | eee eee LY Ee BEE ENE Kaa Si 
Fat |S. N.F.| T.S. Fat> |S. N. El 2.8: 


Evaporated milk.. 4644 376.4 | 854.4 | 1230.8) 8.106 | 18.40 26.50 
Wiateret. sae cme e A USP AO ara incny cl Parton mig ecw coche OREM a lactone Bice ee ees are 
Standardized 
PLOGUCt ee Ee 4826 376.4 | 854.4 | 1230.8) 7.80 | 17.70 25.50 


No factor of safety was allowed in the above problem. It is 
recommended that a margin be allowed of .05 per cent upon fat 
and .20 per cent upon T.8., where the product is standardized 
upon the basis of both the fat and the 8.N. F. The same margin 
is recommended where the standardization is based upon one con- 
stituent only. 


STANDARDIZING EVAPORATED MILK AFTER CONDENSING. 


Problem 14: How to Calculate When Both Condensed Skim-milk 
and Water are Required for Standardizing. 


Solution of Problem 14, based upon Rule 12: 


(1.) Subtract the percentage of fat desired from the percent- 
age of fat in the batch before standardizing. Multiply the re- 
mainder by the pounds of milk in the batch. Divide the product 
by the percentage of fat desired. Call answer A, or the total 
pounds that the batch is short. 

(2.) Divide the percentage of fat in the batch to be standard- 
ized by the ratio between the T.S. and the fat, in the product de- 
sired. Subtract from the answer the percentage of T.S. in the 
batch to be standardized. Multiply the remainder by the pounds 
in the batch before standardizing. Divide the product by the per- 
centage of T. S. in the skim-milk to be used for standardizing. 
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Call the answer B, or the pounds of skim-milk required. Sub- 
tract B from A. Call the remainder C, or the pounds of water re- 
quired. 


(3.) Add A and C to the pounds in the batch before stand- 
ardizing. The sum will be the total pounds in the batch after 
standardizing with both water and skim-milk. 

Solution of Problem 14, based upon Formula 12: 


(1.) To calculate the pounds of condensed skim-milk re- 


quired. 
I ( | ) j 
R} 
te 


mp2 
(2.) To calculate the pounds of water required. 


ee eS ow 
A 


Problem 14, Example 16: 


Products Pounds es 
Fat SE ING 1c Se 
Evaporated milk........ 10000 8.00 “18.00 26.00 
Ohrinckancecl aime. .o oclletho cs dcdcedleooc dle ncéedlegagcocosoe 25.250 
IW AECL say tas cnc hse Sec es heck oe | Sees ee Goal uses wee eee Ae | tenes ee ll Se ee ee ° 
Composition; desired sae s| eee eee 7.80 Wiese O 26.50 


Solution of Problem 14, Example 16, based upon Rule 12: 


(1.) To caleulate the pounds that the batch is short. 
8.00 —7.80 = .20, per cent of fat in excess. 
10000 « .0020 = 20, pounds of fat in excess. 
20.0780 = 256, total pounds that the batch is short. 
(2.) To ealeulate the pounds of condensed skim-milk and 
pounds water necessary to add. 


8.00 =- .8059 = 26.15, per cent of total solids necessary to 
equalize the fat in the batch. 
26.15 — 26.00 = _ .15, per cent of total solids required to be 


added to equalize the fat in the batch. 
10000 & .0015 = 15, pounds of total solids required. 
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15 —-.255 = 59, pounds of condensed skim-milk required. 
256 — 59 = 197, pounds of water required. 
(3.) Material in batch after standardizing. 
59 pounds of condensed skim-milk. 
197 pounds of water. 
10,000 pounds before standardizing. 


10,256 pounds total after standardizing. 


Solution of Problem 14, Example 16, based upon Formula 12: 


(1.) To calculate the pounds of condensed skim-milk re- 
quired. 


eee — 2600 x 10000 
12 — \:30 


== 000 


.2550 


(2.) To caleulate the pounds of water required. 


wee —-. x a) __59 — 196.8 


Proof of Problem 14, Example 16: 


Pounps Per CENT 


Products Pounds 
J2ehh SIN, IB APSE Ti, HSS INI. TE ate Ss 


Evaporated milk..| 10,000.0 800 1800 2600 8.00 18.00} 26.00 
Condensed skim- 


TUL Keene ee OOVOulbersesusine 15 Lal epee ae PR AAV) PAU) 
Wisteria, sonic ee LG Zee Oia Peer tceeceillettetaycuaer' Itnasereretes [ares cic cece ecomekerntsd eaegorsee ee 
Standardized 


product......'..|10,256.6 | 800 1815 | 2615 | 7.80 17.70} 25.50 


No factor of safety allowed in the above problem. 


STANDARDIZING EVAPORATED MILK AFTER CONDENSING. 


Problem 15: How to Calculate When Both Cream and Water are 
Required for Standardizing. 


Solution of Problem 15, based upon Rule 13: 
(1.) Subtract the percentage of S.N.F. desired from the 
percentage of S.N.F. in the batch before standardizing. Multi- 
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ply the remainder by the pounds of milk in the batch. Divide 
the product by the percentage of 8. N. F. desired. Call the answer 
A, or the pounds that the batch is Short. 

(2.) Multiply the percentage of S.N.F. in the batch by the 
ratio between the S. N. F. and the fat in the product desired. Sub- 
tract from the answer the percentage of fat in the batch to be 
standardized. Multiply the remainder by the pounds in the batch 
before standardizing. Divide the product by the percentage of 
fat in the cream to be used for standardizing. Call the answer B, 
or the pounds of cream required. Subtract B from A. Call the 
answer C, or the pounds of water required. 

(3.) Add A and C to the pounds in the batch before standard- 
izing. The sum of the three values will be the total pounds in 
the batch after standardizing with both water and cream. 


Solution of Problem 15, based upon Formula 13: 
(1.) To calculate the pounds of cream required: 

[ (Bex Ri | xD 

ne Migr ee 

(2.) To calculate the pounds of water required. 


(B!—B) x Dt La 
w=| = een ae: | O 


O= 


Problem 15, Example 16: 


Per CrEntT 
Products Pounds 
Fat 8S. N. F. ADS). 
Evaporated milk........ 10,000 7.00 20.00 27.00 
Cream rece tycce | ne eee AQ O07 tate tens cctete [ianva ccs eee rae 
Waiter siirte ahs vel taste anaes lene cece carey er | ieee ae mR -eee | nee cate a olisieeciietoto name 
Composition desired.....]........... 7.80 17.70 25.50 


Solution to Problem 15, Example 16, based upon Rule 13: 


(1.) To calculate the pounds that the batch is short. 
20.00 — 17.7 = 2.30, per cent of S.N.F. in excess. 
10000  .023 = 230, pounds of S. N. F. in excess. 

230 — .177 = 1299, pounds that the batch is short. 
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(2.) To calculate the pounds of cream and water necessary. 
20.00  .4407 = 8.81, per cent of fat necessary to equalize the 
S. N. F. in the unstandardized batch. 
8.81— 7.00= 1.81, per cent of fat required to equalize the 
S.N.F. in the batch. 
10000 .0181=181, pounds of fat required. 
181+ 40= 453, pounds of 40% cream required. 
1299 — 453—= 846, pounds of water required. 


(3.) Material in batch after standardizing. 
453 pounds of 40% cream. 
846 pounds of water. 
10000 pounds before standardizing. 


11299 pounds total in batch after standardizing. 


Solution of Problem 15, Example 16, based upon Formula 13: 

(1.) To calculate the pounds of cream required. 
[(.20  .4407) — .07] « 10000 __ 
40 i 


(2.) To calculate the pounds of water required. 


ie | (.20—.1770) < 10000 | __ 453 — 846 
1770 


Oe 453 


Proof of Problem 15, Example 16: 


PounpDs Per CEentT 
Products Pounds 


1pens [tsk INfe, 18a) “AEs fs Fat |S.N.F.| T.S. 


Evaporated milk..| 10,000 | 700 2000 | 2700 || 7.00} 20.00} 27.00 


Creamer eee AS Sia Slee any rete 181 AQKOOS emer na learsree 
Waterers fe ea SACs eee noe os ee cee eM areas ae cll a Cos potame! |MetMe oza1ts Uacet acta af Ss 
Standardized 

DrOduUCt Era 11,299 881.4 2000 2881 7.80 V7ed0\) 25.00 


No factor of safety allowed in the above calculation. Also the 
S.N.F. in the cream was disregarded in the calculation. In the 
above example this would increase the total solids to the extent of 
about 27 pounds, making the actual total solids 25.65 per cent in- 
stead of 25.50 per cent as indicated in the proof. 
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Problem 16: How to Calculate When Condensed Whole Milk, 
Condensed Skim-milk and Water Are eee 
for Standardizing. 


Solution of Problem 16, based upon Rule 14: 


(1.) Call the T.S. in the condensed skim-milk A, or the per- 
centage of S.N.F. in the condensed skim-milk that is available 
for standardizing. Subtract the percentage of fat desired from 
the percentage of fat in the condensed milk. Call the remainder 
B, or the percentage of fat in the condensed whole milk that is 
available for standardizing. Subtract the percentage of S.N.F. 
desired from the percentage of S.N.F. in the condensed whole 
milk. Call the remainder C, or the percentage of 8. N. F. in the 
condensed whole milk available for standardizing. 


(2.) Divide the percentage of fat in the batch by the ratio 
between the 8. N. F. and the fat in the product desired. Subtract 
from the answer the percentage of S..N. F. in the batch and mul- 
tiply the remainder by the pounds of milk in the batch. Call an- 
swer D, or the pounds of S.N.F. short. Subtract the 8.N.F. 
that the batch should contain from the 8. N. F. in the condensed 
whole milk. Divide D by the remainder. CaJJ the answer EH, or 
the pounds of condensed whole milk required. 


(3.) Multiply E by B. Divide the product by the ratio be- 
tween the S. N. F. and fat in the product desired. Divide the 
answer by A. Call the answer F, or the pounds of condensed 


skim-milk required to equalize the excess fat in the condensed 
whole milk. 


(4.) Multiply the pounds of milk in the batch before stand- 
ardizing, by the percentage of S.N.F. in the batch. Call the an- 
swer G, or the pounds 8. N. F. in the bateh Multiply E and F by 
the 8S. N. F. test of each respectively, and add the two results. Call 
the answer H. Call the sum of G and H, I or the pounds of S. N. 
F. in the entire batch, after standardizing. Add to the pounds in 
the batch before standardizing, the sum of EK and F. Call the an- 
swer J. Divide the answer into I. Call the answer K, or the per- 
centage of S. N. F. in the batch after standardizing with con- 
densed whole milk, and condensed skim-milk. Subtract from K 
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the percentage of S. N. F. in the product desired. Multiply the 
remainder by J, and divide the product by the percentage of S. N. 
F. desired. Call the answer K, or the pounds of water required. 


(5.) Add to the pounds of whoie milk before standardizing, 
the sum of H, plus F, plus J. The answer will be the total pounds 
in the batch after standardizing. 


Solution of Problem 16, based upon Formula 14: 


(1.) To calculate the pounds of condensed whole milk re- 
quired. 


(2.) To calculate the pounds of condensed skim-milk re- 


quired. 
eS —A) =) 
Pees = 


Q 


(3.) To calculate the percentage of S. N. F. in the batch after 
adding the condensed whole and skim-milks. Note: S* now rep- 
resents the percentage of S. N. F. in the mixture. 


ge — (DiS) + (DM) + (140) 
i Di + D?+ Lt 


(4.) To calculate the pounds of water required. 


Cie) Oren Die) 
A 


iS 
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Problem 16, Example 17: 


Per CEentT 
Products Pounds 
Fat Ss. N. F IS 
Evaporated milk........ 10,000 8.00 17.00 25.00 
Condensed whole milk....|........... 10.50 25.50 36.00 
Condensed iskim=nnil ky |eraey cetera ate serene es DonoO™ “lhragaraeetetaer 
Water sais me setae ete a oll Llate coats secestes] pores ere | Sareea ceraE eect [alge taeey-cnebe oc 
Compositionidesiredirern|tcen eee 7.80 ee 7) 25.50 


Solution of Problem 16, Example 17, based upon Rule 14: 


(1.) To calculate in the above two products the percentage of 
fat and the percentage of S. N. F. available for standardizing. 
25.50 —S. N. F. (the fat is disregarded), or total solids in con- 

densed skim-milk available for standardizing. 
10.50 — 7.80 = 2.70, per cent of fat in condensed whole milk 
available for standardizing. 
25.50 — 17.70 = 7.80, per cent 8. N.F. in condensed whole milk 
available for standardizing. 


(2.) To calculate the pounds of condensed whole milk re- 
quired. 
8.00 — .4407 = 18.15, per cent of S.N.F. that the evaporated 
milk should have. 
18.15—17.00 = 1.153, per cent of S. N. F. short. 
.0115<10000=115.3 pounds 8. N. F. short. 
25.50 — 18.15 = 17.35, per cent of S.N.F. available for stand- 
ardizing in condensed milk. 
115.383.0735 = 1568 pounds condensed whole milk required to 
provide the S. N. F. short. 
(3.) To calculate the pounds of condensed skim-milk re- 
quired. . 


| 


1568 .027=48, pounds of fat in excess over amount required 
in the condensed whole milk. 
43 — 4407 = 96, pounds of S.N.F. required to equalize the 
excess of fat in the condensed whole milk. 
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96-.255=377, pounds of condensed skim-milk required to 
equalize the excess fat in the condensed whole milk. 


(4.) To calculate the pounds of water required. 
10000 & .17=1700, pounds of S. N. F. in batch before stand- 
ardizing. 
(1568 + 377) X .255 = 496, pounds of S. N. F. in condensed whole 
milk and condensed skim-milk required. 
1700 + 496 = 2196, pounds of 8. N. F. in batch after adding con- 
densed whole milk and condensed skim-milk. 

10000 + 1568 + 377 = 11945, total pounds in batch after adding 
condensed whole milk and condensed skim-milk. 
2196 ~ 11945 = 18.38, per cent S.N.F. in batch after adding 
condensed whole milk and condensed skim-milk. 

18.38 — 17.70 = .68, per cent S. N. F. in excess after adding con- 

densed whole milk and condensed skim-milk. 
11945 « .0068 = 82, pounds 8. N. F. in excess. 
82 — .1770 = 463, pounds of water required. 
(5.) Material in batch after standardizing. 
1568 pounds condensed whole milk. 
377 pounds condensed skim-milk. 
i0000 pounds before standardizing. 
463 pounds water. 


12408 pounds total after standardizing. 
Solution of Problem 16, Example 17, based upon Formula 14: 


(1.) To calculate the pounds of condensed whole milk re- 
quired. 


| ae) in | sé 10000 
yee ee Se 


Savi Bias 
4407 


(2.) To calculate the pounds of condensed skim-milk re 
quired to standardize the excess of fat in the whole milk, 


( .105—.078) 1568.6 ) 
gl 


4407 
200 


S351 
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(3.) To calculate the percentage of S. N. F. in the batch after 
adding the condensed whole and skim-milk. 


92 (10000 .17) + (1568 .2550) + (377 X.2550) Av 
‘ 10000 + 1568 + 377 = los. 


(4.) To calculate the pounds of water required. 


(.1838—.177) & (10000-+-1568-++ 377) Sn 
Bh ai 
Proof of Problem 16, Example 17: 


Pounbs Per CrEentT 


Products Pounds Ihe Sk INLs Jial| W0s sy, ee Seine ia aha toe 


Evaporated milk..| 10,000 800 1700 2500 || 8.00 | 17.00 | 25.00 
Condensed whole 


iol, np aoa a aoe 1568 164.7 400 564 || 10.50 | 25.50 | 36.00 
Condensed skim- 

[oad leer ene Su akllnceee 96 OG|see eee 25.50 | 25.50 
NWR IS) Betaguo oases. se AGO.” Neos eed acaliseek iver ete lisse ataee A || eater | geen! | REMC 
Standardized 

product........| 12,408 964.7} 2196 3160 7.80 | 17.70 | 25.50 
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Problem 17 : How to Calculate When Both Condensed Whole 
Milk and Cream Are Required for Standardizing: 
Solution of Problem 17, Based Upon Rule 15: 


(1.) Subtract the percentage of fat desired froin the percentage 
of fat in the cream. Call the answer A, or the percentage of fat in 
the cream available for standardizing. Subtract the percentage of 
S. N. F. in the cream from the percentage of 8S. N. F. desired. Call 
the answer B, or the percentage of S. N. F. short in the cream, un- 
der that desired. Subtract the percentage of fat desired from the 
percentage of fat in the condensed whole milk. Call the answer C. 
or the percentage of fat in the condensed whole milk available for 
standardizing. Subtract the percentage of S.N.F. desired from 
the percentage of 8S. N. EF. in the condensed whole milk. Call the 
remainder D, or the percentage of 8. N. F. in the:condensed whole 
milk available for standardizing. 
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(2.) Subtract the percentage of fat in the batch from the per- 
centage of fat desired. Call the remainder E, or the percentage 
of fat short. Multiply the pounds of milk in the bateh by E. Call 
the product F’, or the pounds of fat short. Subtract the percen- 
tage of S.N.F. in the batch from the percentage of S.N.F. de- 
sired. Call the remainder G, or the percentage of S. N. F. short. 
Multiply the pounds milk in the batch by G. Call the product H, 
or the pounds of 8. N.F. short. 

(3.) Divide H by the percentage of fat desired. Call the an- 
swer I, or the pounds of condensed whole milk required to provide 
the S.N.F. short in the batch. 

(4.) Multiply I by C. Call the product J, or the pounds fat 
available in the condensed whole milk added. Subtract J from E. 
Call the answer K, or the pounds fat to be provided by cream. 
Divide K by A. Call the answer L, or the pounds of cream re- 
quired to provide the fat short. 

(5.) Multiply L by B. Call the product M, or the pounds of 
S.N.F. short in the cream. Divide M by D. Call the answer 
N, or the pounds of condensed whole milk necessary to provide the 
S.N. F. required to standardize the cream added. 

(6.) Add to the pounds of milk in the batch before standard- 
izing the sum of I, Land N. The answer will be the total pounds 
in batch after standardizing. 


Solution of Problem 17, Based Upon Formula 15: 

(1.) To calculate the pounds of condensed whole milk re- 
quired to provide the S. N. F. short in the evaporated milk. 
Meese) Ba 

A 

(2.) (To calculate the pounds of cream required to provide 
the fat short in the evaporated milk. 

9 — (ATK) D']—[(K—A) D*] 
G—A 

(3.) To calculate the pounds of condensed whole milk re- 

quired to provide the 8. N. F. short in the cream. 
pie (B—J)O 
A 

Note: The sum of D? part (1) and D® part (2) of the formula 

equals the total number of pounds of condensed whole milk used. 


1D 
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Problem 17, Example 18: 


Per CEntT 
Products Pounds 
Fat Sb ING JRE AMISS 
Evaporated milk........ 10,000 (280 17.46 24.82 
Condensed whole milk....|........... 10.50 25.50 36.00 
Crean eee eee ee 40.00 6.00 46 .00 
Composition desired......]..........-. 7.80 17.70 25.50 


Solution of Problem 17, Example 18, based upon Rule 15: 
(1.) To calculate in the above two products the percentages 
of fat and S. N. F. available for standardizing. 
40— 7.8 = 32.2, per cent, of fat in cream available for stand- 
ardizing. 
17.7 — 60 =11.7, per cent of S.N. I. short in cream. 


10.50 — 7.80= 2.70, per cent of fat in condensed whole milk 
available for standardizing. 


25.00 — 17.70 = 7.80, per cent of S.N.F. in condensed whole 
milk available for standardizing. 


(2.) To calculate pounds of fat and 8S. N. F. short. 
7.80— 7.36 = .44, per cent of fat short. 
10000 .0044 = 44, pounds of fat short. 
17.70 — 17.46 = .24, per cent of S.N.F. short. 
10000 .0024—24, pounds of S .N. F. short. 


(3.) To calculate the pounds of condensed whole milk re- 

quired to provide 8. N. F. short in batch. 
24.0-.078=308, pounds of condensed whole milk required to 
provide the 8. N.F. short in the batch. 


(4.) To calculate the pounds of cream required: 
308 .027— 8.8, pounds of fat available in condensed whole 
milk added. 
44— 8.30 = 35.7, pounds of fat to be provided by cream. 
35.7-.322—111, pounds of cream required to provide the fat 
short. 
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(5.) To calculate the pounds of condensed whole milk re- 
quired to equalize the S. N. F. short in the cream added for stand- 
ardizing. 


111 .117=13.0, pounds of S. N. F. short in cream. 
13.0+.078= 167, pounds of condensed whole milk necessary to 
provide the S. N. F. required to standardize the cream added. 


(6.) Material in batch after standardizing. 
308 pounds of condensed whole milk required by batch. 
167 pounds of condensed whole milk required by cream. 
111 pounds of cream. 
10000 pounds before standardizing. 
10586 pounds total after standardizing. 


Solution of Problem 17, Example 18, Based Upon Formula 15: 


(1.) To calculate the pounds of condensed whole milk re- 
quired to provide the S. N. F. short in the evaporated milk. 


(.177—.1746) X10000 __ 
078 aa 


308 


[DP = 


(2.) To calculate the pounds of cream required to provide 
the fat short in the evaporated milk. 


[ (.078—.0736) 10000] —[ (.1050—.078) 308] 
a 40—.078 


= IB! 


(3.) To calculate the pounds of evaporated whole milk re- 
quired to provide the S. N. F. short in the cream. 


ge) ile 
ot 078 a 


167 
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Proof of Problem 17, Example 18: 


Pounps Per CENT 
Products Pounds 


Rates|S a Nees ass: Hat os NE Ee Es: 


Evaporated milk..| 10,000 736 1746 2482 7236 | 17246 24.82 
Condensed whole 


mone ees 475 50 121 17S el O50 25500 36.00 
Creamer eared WAL 44 61 50 || 40.00 6.00 46.00 
Standardized 

DLOCICH MEE yen: 10,586 830 1873 2703 CASS W VUENGSY) Dy iy 


The surplus fat in the condensed whole milk added to stand- 
ardize the cream was disregarded in the calculation. This method 
does not give absolutely correct standardization but the results 
are within very narrow limits of those desired. 


CHAPTER XII 


STANDARDIZING SWEETENED 
CONDENSED MILK 


The principles underlying the standardization of sweetened 
condensed milk are very similar to those underlying the standard- 
ization of evaporated milk, namely, mixing together fat, milk 
S. N. F. and in addition sucrose obtained from either cane or beet 
sugar, in the ratio one to the other that these are to occur in the 
finished product which it is desired to manufacture. These ratios 
can be obtained upon any desired composition of product by di- 
viding the percentage of one constituent into the percentage of 
another constituent of the standard product. Table 32 contains 
these ratios in the case of a product testing 8.00 per cent of fat, 
20.00 per cent of milk S. N. F. and 44.50 per cent sucrose, and also 
in the ease of sweetened condensed skim-milk. 

Theoretically it would be possible under certain conditions to 
standardize sweetened condensed milk after condensing. How- 
ever, the possibilities for trouble under conditions of this kind are 
so numerous that it is deemed best not to encourage the practice 
at the present stage of our knowledge. The practice of standard- 
izing before condensing is a simple and a logical one, and this will 
be fully discussed in this chapter. 

Under the older methods the standardization is, as a rule, crude 
and inefficient, and concerns itself chiefly with obtaining a prod- 
uct either of a certain fat or of a certain T.S. test. The method 
commonly used is to add a certain number of pounds of sugar for 
every one hundred pounds of whole milk that go to make up the 
batch. Sometimes the ratio of pounds of sugar to pounds of milk 
is varied with the season of the year, the range being in the case 
of whole milk, from 18 to 20 pounds. Under this method, the re- 
sulting product varies greatly both in chemical composition, and 
in its physical properties. 

p23 | 
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TABLE 82. 
Constants for Sweetened Condensed Milk. 


Product from 


Constants. ae el 
Percentage fat. Federal standard.............. 8.00 None 
Percentage S. N. F. Federal standard........... 20.00 28.00 
Percentage T.S. Federal standard............... 28.00 28.00 
Ratio percentage fat to percentage milk solids. , . 3.5000 None 
Ratio percentage fat to T. S. (8.00 per cent fat to 
Te Di peliCen pL nSt) ne@rn Ge ee ea et aise gave 9.06 None 
Ratio percentage fat to percentage milk 8. N. F.. 2.5000 None 
Ratio percentage milk S. N. F. to percentage fat. , .4000 None 
Ratio percentage milk 8. N. F. to percentage T. 8. 1.4000 None 
Ratio percentage total milk solids to percentage 
LEU Peet Sera see irensiroi di vob ga anoeat ego ome ae tte nator: 2857 None 
Ratio percentage sugar to percentage fat, using 
Ad SO-PeY CONUBUGAE ...70 dee ares ince aco 1798 None 
Ratio percentage sugar to percentage total milk 
solids, using 44.50 per cent sugar............. 4493 None 
Ratio percentage sugar to percentage total milk 
solids, using 42.00 per cent sugar............. agar 6667 


Under the methods given in this chapter, the aim is to stand- 
ardize the sweetened condensed milk upon the triple basis of fat, 
milk S.N.F. and sucrose. This makes possible a product of uni- 
form chemical composition and physical properties, at all times, 
other things being equal. 


SUCCESSIVE STEPS IN STANDARDIZING SWEETENED CON- 
DENSED MILK. 

The steps involved in standardizing sweetened condensed milk 
are as follows: 

(1.) Obtaining a representative composite sample of the en- 
tire lot of whole milk which goes to make up the batch; likewise 
the skim-milk, cream or other product which might be used in 
standardizing.” 

(2.) Testing of all the above products involved for both fat, 
S.N.F. or T.S. by means of the Mojonnier Milk Tester. In the 
case of the 8. N.F. in the cream, it usually suffices to obtain the 
S. N. F. from Table 22, inasmuch as the amount is not large. 
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(3.) Calculating the weight of each product to be used by 
methods which will follow, in order to make the fat, the milk 
S.N. F. and the sugar in the initial product of the same ratio as 
these are to occur in the case of the finished product. 

(4.) When the initial product has been standardized so that 
the fat, the milk S. N. F. and the sugar are in the required ratio, 
the same is to be condensed down to the desired specific gravity to 
yield a finished product of the test required. In practice, it is 
well to condense the batch to a little higher concentration than 
desired, in order to provide the necessary factor of safety. If the 
concentration of the batch should be less than the required con- 
centration, it becomes necessary either to recondense part of the 
batch, or to condense another batch to add to it, provided the 
facilities are at hand for thoroughly mixing the two batches. It 
is not recommended at this stage of our knowledge of the sweet- 
ened condensed milk business to add water to the batch in case 
it is overcondensed. Under some conditions, it may be possible 
to add condensed skim-milk, but this is not very often practicable 
unless this can be added to the milk in the pan instead of to the 
milk in the mixing tanks after cooling. At the present time the 
only method that is recommended for correcting improper con- 
densing is by mixing together the batch that is improperly con- 
densed with another batch that is condensed in the proper way to 
correct the error in the case of the first batch. 


METHOD OF COLLECTING COMPOSITE MILK SAMPLES. 

No fixed method of sampling is recommended that can be ap- 
_ plied to meet all the varying conditions of different plants. This 
important matter will need careful study in each plant, in order 
to determine the procedure that will give the most accurate sam- 
ples. The reader is referred to Chapter VI for complete informa- 


tion upon this point. 


METHOD OF TESTING. 

Use the Mojonnier Tester for making all fat and T.S. deter- 
minations upon all products used in standardizing. The skim- 
milk and cream should be tested before the composite sample of 
the whole milk reaches the laboratory. The 8. N.F. in the cream 
can be obtained from Table 22 as the total amount of the same is 
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usually small, so the possibility for error that may result on ac- 
count of not making actual determinations of 8. N.F. is a very 
negligible one. As it is necessary to complete the fat and T.S. 
tests of the whole milk while the last forewarmer is being heated 
and drawn into the pan, these tests should be made as rapidly as 
possible. A short time before the sample is ready, the tempera- 
ture of the hot plates and ovens upon the Mojonnier Milk Tester 
should be regulated; fat and T.S. dishes cooled and weighed; 
clean glassware and a weigh cross prepared for use, and every- 
thing put in readiness for making the test. By systematizing 
the successive steps, the time for completing the fat and T.S. 
tests, including the total time for making the calculations, should 
not exceed twenty-five or thirty minutes, counting from the time 
the sample reaches the laboratory. Under some conditions, it 
may be desirable to give the operator a helper, while making the 
tests, as this will greatly expedite the operations. 


ORDER OF OPERATIONS IN STANDARDIZING SWEETENED CON- 
DENSED MILK BEFORE CONDENSING, USING 
MOJONNIER TESTER. 


(1.) Test, as far in advance as possible, the cream samples for 
fat. Obtain the S. N. F. test of the cream from Table 22. If 
skim-milk, sweetened condensed skim-milk, ‘or sweetened con- 
densed whole milk are to be used for standardizing, test each of 
these products for both fat and T.S. as far in advance as pos- 
sible. 

(2.) About half an hour before the composite whole milk sam- 
ple is ready, do everything necessary to begin making the fat and 
T.S. test of the whole milk. It is recommended that the tests be 
made in duplicate. If the operator is very careful in his work, a 
single determination may suffice. 

(3.) Keep the fat and the T.S. dishes in the respective ovens 
for five minutes under proper heat, and with the vacuum on. 

(4.) Transfer the dishes from the ovens to the cooling desic- 
cators. Keep the water circulating. Weigh the T.S. dish with 
the cover on, at the end of five minutes; and the fat dish alone at 
the end of seven minutes. Record weights and numbers upon the 
laboratory report. 
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(5.) As soon as the composite whole milk sample reaches the 
laboratory, mix the same thoroughly by pouring back and forth at 
least six times using two vessels. 

(6.) Fill the two gram pipette to the mark and transfer the 
milk to the previously weighed dish, and weigh the dish with the 
milk immediately. Or, if preferred, the sample in the two gram 
pipette can be weighed from the weigh cross. 


(7.) While the operator is weighing the sample, as directed 
under 6, the second operator pipettes out ten grams into the but- 
terfat extraction flask. 


(8.). One operator now prepares the T.S. sample for the T.S. 
oven, and the second operator the fat sample for the fat oven. 
Dishes and contents are heated in ovens, cooled in cooling desic- 
eators and weighed in accordance with the directions. 

(9.) . Caleulate the percentage of fat and the percentage of 
T.S. and transfer the results to the sweetened condensed milk re- 
port blank. 

(10.) Calculate the pounds of material to add, using the rule 
that may apply, selecting the proper one beginning with Rule 16, 
and ending with Rule 23. The sugar to be used can be ascertained 
by referring to Table 32. 

(11.) Test the finished product for fat and T.S. and enter 
the result upon the sweetened condensed milk report. 

(12.) Divide the percentage of T.S. by the percentage of fat 
to get the ratio of fat to T. S. in the finished product. 

(13.) If the condensation is not otherwise obtained, divide 
the percentage of T.S. in the finished product by the percentage 
of T.S. in the initial product, or divide the percentage of fat in 
the finished product by the percentage of fat in the initial product. 

(14.) Divide the total pounds of raw products used by the 
condensation to obtain the pounds in the batch after condensing. 
Or, obtain the pounds in the batch by weighing the same in a suit- 
able tank as it comes from the pan. 

(15.) Calculate the pounds of raw milk products per case. 
likewise the pounds of sugar per case. 
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BLANK FOR RECORDING THE STANDARDIZING DATA. 


It is very important to keep a systematic record of all data in 
connection with the standardization of any given batch. A blank 
especially designed for this purpose is illustrated under Fig. 69. 


METHOD OF GETTING WEIGHTS. 

Tlie person who does the standardizing should be sure that the 

pounds of whole milk, likewise the pounds of cream and skim-milk 
Form M. P. 40 SWEETENED MILK REPORT used, are correctly re- 
lees oes Hat ported and _ properly 
is checked. If this part 
Se Sa ee of the work is not prop- 
ee See oe erly done, large errors 
i may be introduced in 
. : | the work. 
) The pounds of fin- 
ished product should be 
correctly ascertained. 
The methods suggested 
in Chapter XI, for get- 
ne ting the weight of the 
finished batch of evap- 
orated milk can be 
applied with a few modifications to sweetened condensed milk. 
Where possible the weight of each batch as the same is dropped 
from the pan, should be obtained. 


HOW TO CALCULATE THE POINT AT WHICH TO STRIKE THE 
BATCH IN THE PAN. 

On account of the impossibility of correcting for overconden- 
sation, as in the case of evaporated milk, the striking point upon 
sweetened condensed milk requires most careful watching. Ex- 
act knowledge is necessary as to just what striking point is re- 
quired to produce a certain concentration of product. 

Table 35 gives the specific gravity at different temperatures 
of sweetened condensed milk in which the constituents are in the 
following ratio: 8.00 per cent of fat, 20.00 per cent of milk 
S.N. F., 44.50 per cent of sucrose and 72.50 per cent of T.S. The 
actual composition was 8.05 per cent fat, 20.13 per cent of milk 
S. N. F. and 73.00 per cent of T. S. 


Tune to 
one 
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AE Ge tel io 
wee, | cocliag | coolers 


Tioe 
floished 


Fig. 69, 
Blank Report for Sweetened Condensed Milk. 
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TABLE 83. 


Specific gravity at various temperatures of sweetened condensed whole 
milk testing 8.00 per cent of fat; 20.00 per cent of milk S. N. F., and 72.50 
per cent of T. S. Sample furnished by Carnation Milk Products Co. Tests 
made by J. A. Cross and H. J. Liedel. 


Temper- Specific Degrees Degrees Temper- Specific Degrees Degrees 
ature°F.| Gravity Baume Twaddell ature °F. Gravity Baume Twaddell 


40 1.3157 34.8 63.14 110 1.2881 32.4 57.62 


60 1.3065 34.0 61.30 120 1.2853 382.2 57.06 


80 1.2986 33.3 59.72 130 1.2818 alee) 56.36 


100 1.2918 32.8 58.36 140 1.2789 31.6 55.78 


Based upon the foregoing table, the unit temperature and spe- 
cific gravity relation in sweetened condensed whole milk of the 
test indicated is as shown in Table 34. 


TABLE 34. 


Unit relation of temperature to specific gravity in sweetened condensed 
whole milk testing 8.00 per cent fat; 20.00 per cent M.S. N. F., and 72.50 
per cent T. S. 


Decrease in specific gravity (or vice versa), for each degree 
Memucraiere Rance . increase in temperature. 
Specific Gravity Baume Twaddell 
ay Ato SUP A aac .00043 .038 .085 
SOmatowl ll Ocehyaereer ened eee . 00035 . 0380 .070 
OR COM AOpen ae .00030 .027 . 060 


The above relation can be used to advantage in reducing spe- 
cific gravity to a definite temperature, when striking the batch at 
the pan. | 

Example :—Baume reading at 135° F. is 31.75. What is the 
Baume reading at 130° F.? 

135—130=5, degrees F. over standard desired. 
027 5 =.135, degree Baume to be added to reading. 
31.75-+.135=81.9, the 135° F. Baume reading reduced to 130° BE 
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RELATION BETWEEN SPECIFIC GRAVITY AND COMPOSITION 
IN SWEETENED CONDENSED WHOLE MILK. 


Whenever it may be necessary to change the composition of a 
given batch of sweetened condensed milk, it is important to know 
the relation between specific gravity and composition so that the 
striking point of additional batches may be so altered as to yield 
a mixed product of the desired test. Table 35 gives this relation 
in the case of a product in which the constituents are in the ratio 
8.00 per cent fat, 20.00 per cent of milk 8.N.F., 44.50 per cent 
of sucrose and 72.50 per cent of T.S. 


TABLE 35. 


Relation Between Specific Gravity and Composition in Sweetened 
Condensed Whole Milk. 


Bie At 60° F. At 100° F. At 120° F. At 140° F. 
Composition : —————_—______ 
a2) 2/3] 88! ¢|/3.] #2) 8 | 42] 42] 2 | 4. 
Peat 8 PES Vos pop eee cesar ar eco tea, | ta ieee 
co Ae} ge) Ge) 
Qo Qe QH a 
NS) IS AS) as) |) IE | ao | & |S D6 | ee 
73.00 T.S. 


20.12 M.S.N.F.| 1.3087] 34.2 | 61.74] 1.2947] 33.0 | 58.94]! 1.2883] 32.5 | 57.76] 1.2819] 31.9 | 56.38 
8.05 fat 


72.50 T.S. 


20.00 M.S.N.F.| 1.3065) 34.0 | 61.30) 1.2918] 32.8 | 58.32], 1.2853) 32.2 | 57.06] 1.2789] 31.6 | 55.78 
8.00 fat 


71.25 T.8. 


19.66 M.S.N.F.| 1.3044] 33.8 | 60.88] 1.2888) 32.5 | 57.76] 1.2826] 31.9 | 56.52] 1.2753) 31.3 | 55.06 
7.86 fat 


70.00 T. 8. 


19.33 M.S.N.F.| 1.2988] 33.4 | 59.76] 1.2842] 32.1 | 56.84] 1.2778) 31.5 | 55.56]] 1.2699] 30.8 | 53.98 
7.73 fat 


68.75 T.S. 


19.06 M.S.N.F.| 1.2923] 32.8 | 58.46] 1.2787] 31.6 | 55.741 1.2724] 31.0 | 54.48] 1.2651) 30.4 | 53.02 
7.59 fat 


67.50 T.S. 


18.63 M.S.N.F.| 1.2857] 32.2 | 57.14]) 1.2728) 31.1 | 54.56]! 1.2665] 30.5 | 53.30]] 1.2599] 29.9 | 51.99 
7.45 fat 


66.25 T. 8. 


18.28 M.S.N.F.| 1.2793] 31.7 | 55.86|] 1.2673] 30.6 | 53.46] 1.2601] 29.9 | 52.02 1.2541} 29.4 | 50.82 
7.31 fat 


From the above table it is ascertained that a difference of .10 
degrees Baume is equal to about .27 per cent of T. S. in the case 
of sweetened condensed whole milk of the above composition. 
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This information is applied in practice as shown by the follow- 
ing example: The condensed milk in the standardizing tank 
weighs 35,100 pounds and tests 8.22 per cent of fat and 74.50 per 


KEYS LOSE LG: 70 
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Fat per cent...| 7.45 7.55 7.72 7.86 7.94 8.00 8.05 


Sugar per cent.| 41.48 | 42.23 | 42.96 | 43.74 | 44.20 | 44.50 | 44.83 


Total Solids per 
CeliGmrrssior oe 67.50 | 68.75 70.00 TADS C2007 | 72250) 1973.00) 


4 : 
<caugaaees PEE Cet see eade ainenaavit se HH 
SPECIFIC GRAVITY /N DEGREES BAUM 
Fig. 70. Relation between temperature, specific gravity and composition 


in the case of sweetened condensed izilk in which the ratio between M. S.N. F. 
and fat is as 1 to .40. Results obtained by J. A. Cross and H. J. Liedel. 


TEMPE RATURE-DEGREES FAHR 
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cent of T.S. The-test desired is 8.11 per cent of fat and 73.50 per 
cent of T.S. 74.50 —73.50 = 1.00 per cent of T.S. in excess 
of that required. 35100 < 1.00 per cent = 351, or pounds of 
T.S. that are overcondensed. The milk in the last pan batch 
available should yield normally about 5700 pounds of condensed 
milk testing 73.50 per cent of T.S., and 34.4° Baume at 140° F. 
Since .10 degree Baume varies the T.S. test .28 per cent, upon 
5700 pounds the variation would be equivalent to 15.96 pounds 
of T.S. per .10 degree Baume. Dividing 351 by 15.96 equals 22.0, 
or the number of .10 degree Baume necessary to deduct from the 
normal striking point of the last pan batch, namely 34.4° Baume. 
Therefore 34.4 — 2.20 = 32.2° Baume, or the striking point upon 
the last batch, necessary to make the correction desired. 

The graph under Fig. 70 gives the composition, temperature 
and specific gravity in Baume degrees, in the case of sweetened 
condensed whole milk of the composition named above. This 
graph can be used within its limits to find the composition at any 
given Baume test, and temperature; or vice versa, the Baume test 
at any given composition and temperature. 


RELATION BETWEEN SPECIFIC GRAVITY AND COMPOSITION 
IN SWEETENED CONDENSED SKIM-MILK. 


The above relation, expressed in several ,ways, is given in 
Tables 36 and 37, and by graph under Fig. 71. The values given 
are based upon careful and accurate pyenometer determinations, 
under exact temperature control. 


TABLE 36. 


Specific gravity sweetened condensed skim-milk testing .50 per cent fat, 
27.50 per cent M. S. N. F., and 70.00 per cent T. S. Tests made by J. A. 
Cross and H, J. Liedel. 


Temper-| Specific Degrees Degrees Temper- Specific Degrees Degrees 
ature °F.| Gravity Baume Twaddell ature °F, Gravity Baume Twaddell 


40 1.3483 37.5 69.66 110 1.3306 36.0 66.12 


60 1.3486 Sle 68.72 120 1.3265 35.7 65.30 


80 1.3386 36.7 67.72 130 1.3232 | 


100 | 1.3328 3623 66.56 140 1.3198 
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TABLE 37. 


The relation between specific gravity and composition in sweetened con- 
densed skim-milk testing in the ratio of .50 per cent fat; 27.50 per cent M. S. 
N. F., and 70,00 per cent T. S. Tests made by J. A. Cross and H. J. Liedel. 


AT 60° F. AT 100° F, 
Per Cent T. 8. ; 

cuore °Baume |°Twaddell oo. °Baume | °Twaddell 
70.0 1.3436 Shall 68.72 1.3328 36.3 66.56 
68.0 1.3329 36.3 66.58 1 evPay 35.4 64. 54 
65.0 1.3134 34.6 62.68 1.3035 Som 60.70 
60.0 1.2836 32.0 56.72 1 PAS 311 54.70 
59540) 1.2588 29.8 M4 1.2480 28.8 49.60 
50.0 1.2284 27.0 45.68 1.2180 25.9 | 43.60 

| ss 
A202) HF AT 140° F. 
Per Cent T. S. : ; 

Specific "Baume | °Twaddell Specific "Baume | °Twaddell 

Gravity Gravity 
70.0 1.3265 Bn 65.30 1.3198 35.1 63.96 
68.0 1e3hio 34.9 63.50 1.3099 34.3 61.98 
65.0 1.2968 33.2 59.36 1.2896 32.6 57.92 
60.0 1.2683 OM, 53.66 1.2612 30.0 62.24 
50.0 1.2419 28.2 48.38 12800 27.6 47.10 
50.0 1.2119 PAS. 42.38 1.2060 24.8 41.20 


From the above table it is ascertained that a difference of .10 
degree Baume is equal to about .20 per cent T.S. in the case of 
sweetened condensed skim-milk of the composition given. Prac- 
tical application of this fact is made as follows: The condensed 
milk in the standardizing tank weighs 10,000 pounds, and tests 
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69.00 per cent T.S. The test desired is 70.00 per cent T.S. 70.0 
— 69.0 = 1.00 per cent of T.S. short of that required. 10,000 < 
.01=100 pounds of T. S. short. The condensed product from 
the last batch should yield normally about 5,000 pounds, testing 
70.0 per cent of T.S. and 34.7° Baume at 140° F. Since .10 Baume 
varies the T.S. test .20 per cent, upon 5000 pounds this variation 
would be equivalent to 10.0 pounds of T.S. per .10 degree Baume. 
(100 --10) * 10 =1.0 degree Baume necessary to add to the 
normal striking point. Therefore 34.7 + 1.0 = 35.7 or the strik- 
ing point upon the last pan batch necessary to make the correction 
desired. 

Based upon the foregoing tables, the unit temperature and 
specific gravity relation in sweetened condensed skim-milk of the 
test indicated, is given in Table 38. 


TABLE 88. 
Unit relation of temperature to specific gravity in sweetened condensed 
skim-milk testing .50 per cent fat, 27.50 per cent milk S. N. F. and 70.00 per 
Centaians. 


Decrease in specific gravity (or vice 
versa) for each degree F. increase 


in temperature. 
Temperature range. 


Specific 


gravity. Baume. Twaddell. 
URE Mc Une ee ete San 7 es 00025 020 050 
80st. IOC LES, iy ae ee nee 00027 020 054 
THO" L60, L409 Fe oats, ane meer 00036 020 072 


The above relation can be used to advantage in reducing spe- 
cific gravity to a definite temperature when striking the batch at 
the pan. 


Example: Baume reading at 120° F. is 35.7. What is the 
Baume reading at 125° F.? 


125—120= __5, degrees F.. over standard desired. 
5x<.03—= .15, degree Baume to be deducted from the read- 
wi) Ing ateL20°" kt 
35.7—.5=85.55, the Baume reading at 120° F. 
The graph under Fig. 71 gives the composition, temperature 
and specific gravity relation in Baume degrees in the case of 
sweetened condensed skim-milk of the composition named above. 
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This graph can be used within its limits to find the composition at 
any given Baume test and temperature; or vice versa, the Baume 
test at any given composition and temperature. 


KBHY TO FIG. 71 


CURVGNS PRY ee ees 1 2 3 4 5 6 
Ratapercentass mac. o. 36 .39 43 .46 48 com 
Sugar per cent...........| 30.00 | 33.00] 386.00] 389.00} 40.80 42.00 
Total Solids per cent....| 50.00 | 55.00 | 60.00] 65.00 | 68.00] 70.0 


TEMPE RATUPRE-DEGREES FALP. 


“SPECIFIC GRAVITY IN DEGREES BAUME 


Fig. 71. Relation specific gravity and composition in sweetened condensed 
skim-milk in which the constituents are in following ratio: .50 fat, 42.00% 
sugar, 70.00% total solids. Tests made by J. A. Cross and H. 7d. Liedel. 
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HOW TO STRIKE THE ‘PAN_ BATCH. 


The method of striking sweetened condensed milk is very sim- 
ilar to that given in Chapter XI for striking evaporated milk. 


The hydrometer most commonly used has a range of 26 to 37 
graduated into tenths upon the Baume scale. This corresponds 
to 1.2185 to 1.3426 upon the specific gravity scale. 


Another common method consists in the use of a pycnometer 
cup such as illustrated under Fig. 72. The cup is designed for 
a narrow limit of volume adjustment. The weight 
of the cup filled with the condensed product varies 
with the specific gravity of the product, and the 
condensation is continued until the desired weight 
Fig. 72. 1S obtained. 


Pycnometer Cup. 


IMPROVED METHOD AND EQUIPMENT FOR MANUFACTURING 
SWEETENED CONDENSED MILK. 


For plants handling 10,000 pounds or more of whole milk to 
be manufactured into sweetened condensed milk, the use of the 
equipment illustrated under Fig. 73 will make it possible to man- 
ufacture the best possible quality of product. The complete unit 
is furnished in standard sizes and capacities to meet various 
requirements. Table 39 lists the principal standard sizes, with 
capacities based upon a ten-hour working day. The capacities 
can be increased by increasing the hours of operation. 


The different items making up the system are placed in the 
proper relation one to the other to best facilitate the handling of 
the condensed product. From the vacuum pan the condensed prod- 
uct flows by gravity into a weigh tank set upon a scale where the 
weight of the batch is obtained. From the drop tank the milk is 
pumped by means of a high pressure pump through a coil cooler, 
and from there it discharges into standardizing tanks set pre- 
ferably upon the second floor. These tanks are fitted with spe- 
cially designed power agitators, and they are of such size as to 
hold the condensed product from at least an entire day’s run. 
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TABLE 39. 


Capacities and Sizes of Standard Equipment for Manufacturing Sweetened 
Condensed Milk, Using the Mojonnier Process. 


me} 
g@ ig Bs Size of Hydrauli pe 
a Ey} he as = Preccn Bape aE: wa 
3.8 8 SOS Oa Oy Qa AS 
Bas Pe Poss ga w Bin oF 8 Sy 
o> ae Oe wS g 2 AS 8 Od 
SES | se [esse] 28 | £2 | ofe! « nBees see 
$23 | 3a [easel] 2 | 28.| [BS] co. | Feces $58 
a9 g- [sage 37 Seo! gus] eo Sy eyo Sale| 
sa- | 82 |saes] Sa | sed] se4) ea eEa ES bg & 
mal | AB |OSEs! SS | Abs] Aas! Ba ocess | és 
10,000 to 
15,000 50 1,000 300) 12 | 2 12 3,000 500 
15,000 to 
25,000... 60 1,500 400} 12 2 We 3,000 1,000 
25,000 to 72 2,650 800] 14 38% 2 6,000 1,500 
40,000... 78 2,950 800] 14 38% 12 6,000 1,500 
40,000 to 
75,000.../ 84 | 3,350] 1,000] 14 | 344 | 12 6,000 3,000 
s =| a 
75,000 to 
125,000. .|| 84 3,350} 1,000} 14 3% 12 6,000 5,000 


The advantages of this system over all other methods for 
handling sweetened condensed milk are briefly as follows: 


(1) The condensed product is not exposed to the air between 
the vacuum pan and the fillmg machines, thus helping to prevent 
mold growth. 

(2) The method of agitation used makes it possible to obtain 
a finished product with small milk sugar erystals, rendering it 
smooth to the taste and helping to prevent the settling of the milk 
sugar upon the bottom of the cans. 


(3) Control of the composition between closer limits than is 
possible by any other method. 


Figs. 76, 77 and 78 illustrate three other types of sweetened 
condensed milk coolers that are in common use, 
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Fig. 74. 


Milk Sugar Crystals in Sweetened, Condensed Milk of Good Crystalline 
Quality. By Miss Lucy Klein. Magnified 100 Diameters. 


Fig. 75. 


Milk Sugar Crystals in Sweetened, Condensed Milk of Foor Crystalline 
Quality. By Miss Lucy Klein. Magnified 100 Diameters. 


Fig. 74 is a photomicrograph of milk sugar crystals in sweet- 
ened condensed milk of good crystalline quality, that is, one that 
is smooth to the taste. Fig. 75 is a photomicrograph of sweetened 
condensed milk of poor crystalline quality. The latter product 
is of low commercial value, and is one in which the milk sugar is 
very likely to deposit upon the bottom of the containers. 
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Fig. 76. 


Fig. 76. Sweetened Condensed Milk Cooler. 
Courtesy Creamery Package Mfg. Co. 


‘ 


Fig. 77. Sweetened Condensed Milk Cooler. 
Courtesy Manning Mfg. Co. 
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Fig. 78, 


Fig. 78. Sweetened Condensed Milk Cooler. 
Courtesy Jensen Creamery Machinery Co. 


THE USE OF TABLES IN SHORTENING CALCULATIONS. 


Properly prepared tables can be used to save much time in 
making the standardizing calculations upon sweetened condensed 
milk. Tables can be prepared to cover any composition of prod- 
uct that it may be desired to manufacture. This chapter con- 
tains tables for a product having a composition of 8.00 per cent of 
fat, 20.00 per cent of milk S.N. F. and 44.50 per cent of sucrose, 
making 72.50 per cent of T.S. These are the minimum values, 
and it is recommended in practice to condense the product suffi- 
ciently to yield a product of the following test: 

8.10 per cent of fat. 

20.25 per cent of milk S.N.F. 

45.05 per cent of sucrose. 

73.40 per cent of T. S. 
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By following the above practice the finished produet contains 
each constituent in the proper ratio one to the other, and in suffi- 
cient amounts to provide the necessary factor of safety. 


Sweetened condensed milk of various compositions is manufac- 
tured. The Federal Standard calls for a minimum of 8.00 per 
cent of fat and 20.00 per cent of milk 8. N.F., but the content of 
sucrose is not governed by law. The composition just given is 
that recommended when the product is put up in tin cans for 


household use. 


Partly skimmed sweetened condensed milk is manufactured in 


large quantities, the same being marketed in barrels. 


The com- 


position recommended for this product is given in Table 40. 


TABLE 40. 


Composition of Partly Skimmed Sweetened Condensed Milk. 


Standard recom- 


Minimum standard ded eel 

Constituents. no factor of ER ae KS 

safety. ing proper fac- 

: tor of safety. 

RavG SV. Ae, weep tear nctce meron eter ee ene 5.00 5.10 
VCS SEIN, <M ieee ate atria erty easteaegan 23.00 23.46 
SUGCKOS Gina. tevacy ae en cane 44.00 ¥ 44.88 
TS AOA ieee isd er ere 72.00 73.44 


Sweetened condensed skim-milk is marketed largly in bar- 


rels. 
Table 41. 


TABLE 41. 


The composition recommended for this product is given in 


Composition of Sweetened Condensed Skim-milk. 


Minimum standard Standard pa bles 
Constituents. no factor of mended, includ- 
aatoby ing proper fac- 
of tor of safety. 
Mulkssolids: ==... aah oe ee 28.00 28.20 
SULCMOS Chas rates, cm cn eatee Ameena eee 42.00 : 42.30 
Ee Sa tazsriasesiotioicn Ce eee 70.00 70.50 
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Table 42 gives the percentage of fat and milk S. N. F. in the 
proper ratio one to the other. The range is from .01 to 8.99 per 
cent of fat, and .03 to 22.48 per cent of milk S. N. F. It also 
gives the pounds of sugar to use for any corresponding pounds 
of fat from 6 to 5000. 


The table can be used in several different ways, as follows: 


(1.) To determine the per cent of S.N.F. required to stand- 
ardize the fat in any given skim-milk. 


Exampie: Skim-milk tests .16 per cent of fat. Reference to 
the table shows that .40 per cent of 8. N. F. is required to stand- 
ardize .16 per cent of fat. 


2. To determine the per cent of fat required to standardize 
the 8S. N. F. in any given cream. 


Example: Cream tests 7.10 per cent of S.N.F. Reference to 
the table shows that 2.84 per cent of fat are required to stand- 
ardize 7.10 per cent of S.N.F. 


(3.) To determine the per cent S.N. F. required to standard- 
ize the fat in any given whole milk, or vice versa. 


Example: Whole milk tests 4.00 per cent of fat. Reference to 
the table shows that 10.00 per cent of milk S.N.F. are required 
to standardize 4.00 per cent of fat. 


(4.) To determine the pounds of sugar required for any given 
size of batch. 


Example: The total pounds of fat in the whole milk and in 
the cream used to make up the batch amounts to 640 pounds. 
Turn to the table under percentage of fat; disregard the decimal 
point and consider the percentage as .a whole number. The 
amount in the sugar column opposite 6.40 is 3560, or the pounds 
of sugar required for the total batch. 


252 STANDARDIZING SWEETENED CONDENSED MILK 


TABLE 42. 


Percentage of fat, S.N.F. in the proper ratio to standardize sweetened 
condensed milk upon the basis of 8.00 per cent of fat, 20.00 per cent of milk 
S. N. F., and 44.50 per cent of sugar. Also the pounds of sugar to use for any 
given number of pounds of fat. Ratios are as follows: 
40 fat; 1 fat to 5.5625 sugar, and 1 sugar to .1798 fat. 


— ——— 


1 milk S. N. F. to 


Per Cent a ne ae Pe. Per Cent Soe Ba Tor gine Per Cent Net seine tor Peas 

Pat Ake | responding’ |) Rat" | ME] responting’ || Far Js'N | responding 
Sete arteries nesters =| Arahcopi an erence .36] .90 200 .72 | 1.80 400 
01 .03 6 sax || sO 206 .73 | 1.83 408 
.02 05 11 .388 | 95 211 .74 | 1.85 412 
03 08 17 .39 |] .98 217 .75 | 1.88 417 
04 .10 22 40] 1.00 222 (ho) || 1 8X0) 423 
05 13 28 41) 1.08 228 ote 1.853 428 
06 15 33 42] 1.05 234 oS |) 1 434 
07 18 39 43 | 1.08 239 19) | L298 439 
08 .20 44 44} 1.10 245 .80 | 2.00 445 
09 20 50 40) || ile 250 .81 | 2.03 451 
10 25 56 46 | 1.15 256 .82 | 2.05 458 
11 28 61 47 | 1.18 261 .83 | 2.08 462 
12 30 67 48 | 1.20 265 .84 | 2.10 467 
13 33 72 As) |) 1) 273 .85 | 2.13 473 
14 30 18 50 | 1.25 278 .86 | 2.15 478 
15 38 83 Su || al 4s 284 .87 | 2.18 484 
16 40 89 52 | 1.30 289 .88 | 2.20 489 
Ue 43 95 53 | 1.33 295 .89 | 2.23 495 
18 45 100 O45 les5 300 .90 | 2.25 501 
19 48 106 55 | 1.38 306 a9) 2228 506 
20 50 iil 56 | 1.40 dll .92 | 2.30 512 
21 53 IU? 57 | 1.48 317 .93 | 2.33 515 
22 55 122 58 | 1.45 323 .94 | 2.35 523 
23 58 128 59 | 1.48 328 .95 | 2.38 528 
24 60 133 60 | 1.50 334 .96 | 2.40 534 
25 63 139 61 | 1.538 339 .97 | 2.43 539 
26 65 145 62 | 1.55 345 .98 | 2.45 545 
20 68 150 63 | 1.58 350 .99 | 2.48 551 
28 70 156 64] 1.60 356 1.00} 2.50 556 
29 73 161 65 | 1.63 362 1.01 | 2.53 562 
30 75 167 66 | 1.65 367 1.02 | 3.55 567 
31 78 173 67 | 1.68 373 1.03 | 2.58 573 
32 80 178 68 | 1.70 378 1.04 | 2.60 578 
33 83 184 69) 1.73 384 1.05 | 2.63 584 
54 85 189 GO| Uo 389 1.06 | 2.65 590 
.385] .88 195 SPAN W.7k8 395 1.07 | 2.68 595 
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TABLE 42 (Continued). 


Per Cent |Per Cent ae me Geo Per Cent|Per Cent a ie soe Per Cent] Per Cens ner oe 
Fat en responding Fat Milk responding Fat Milk r2sponding 
See jwe. of Fat. es 8. N_ FE. _wt. of Fat. ae 8. N.F. wt. of Fat. 
1.08} 2.70 601 GRE |) Ba Cbs: 840 1.94); 4.85 1079 
150922573 605 1.52] 3.80 845 1.95] 4.88 1085 
Ib OP! eas 612 1.53 | 3.83 851 1.96 | 4.90 1090 
eS ees 617 1.54] 3.85 857 1.97) 4.93 1096 
1.12] 2.80 623 1.55 | 3.88 862 1.98 | 4.95 1101 
1.138] 2.83 628 1.56 | 3.90 868 1.99 | 4.98 1107 
1.14] 2.85 634 1.57 | 3.93 873 2.00] 5.00 1112 
1215))52788 640 1.58 | 3.95 879 2.01} 5.03 1118 
1.16] 2.90 645 1.59 | 3.98 884 2.02} 5.05 1123 
TEE 2E 93: 651 1.60} 4.00 890 2.03 | 5.08 1129 
IFS T2295 658 1.61] 4.03 895 2.04} 5.10 1135 
1.19} 2.98 662 1.62] 4.06 901 2.05} 5.13 1140 
1.20} 3.00 667 1.63] 4.08 907 2.06) 5.15 1146 
1.21) 3.03 673 1.64} 4.10 912 Demon LS 1151 
1.22} 3.05 679 1.65] 4.13 918 2.08 | 5.20 1157 
1.23} 3.08 684 1.66] 4.15 923 2.09 | 5.23 1162 
1.24] 3.10 690 1.67} 4.18 929 2.10) 5) 25 1168 
125403. U3 695 1.68 | 4.20 934 PaO | Byaete: 1174 
1265832 15 701 1.69 | 4.23 940 212516. 30 1179 
1.27 | 3.18 706 1.70) 4.25 945 2.13) 5.33 1185 
1B 2Sieoe 20 712 1.71] 4.28 951 2214 85.35 1190 
1.29} 3.23 Ale 1.72 | 4.30 957 2.15] 5.38 1196 
1.30] 3.25 723 1.73 | 4.33 962 2.16} 5.40 1201 
1.31} 3.28 729 1.74] 4.35 968 PAs AU || Gayne23° 1207 
1.32 | 3.30 734 1.75 | 4.38 973 2.18] 5.45 1212 
1.33 | 3.33 740 1.76} 4.40 979 2.19) 5.48 1218 
1.34] 3.36 745 1.77} 4.43 984 2.20] 5.50 1224 
1.35] 3.38 751 1.78] 4.45 990 2.21) 5.53 1229 
1.36 | 3.40 756 1.79 | 4.48 996 2.22) 5.55 1233 
1.37] 3.48 762 1.80 | 4.50 1001 2.23 | 5.58 1240 
1.38] 3.45 768 1.81 | 4.53 1007 2.24] 5.60 1246 
1.39 | 3.48 773 1.82 | 4.55 1012 2.25 | 5.63 1351 
1.40} 3.50 779 1.83 | 4.58 1018 2.26) 5.65 1257 
1.41] 3.53 784 1.84] 4.60 1023 2.27) 5.68 1263 
1.42] 3.55 790 1.85] 4.63 1028 2,28 )\ 5. 70 1268 
1.43 | 3.58 795 1.86 | 4.65 1034 2,29) 0..03 1274 
1.44} 3.60 801 1.87 | 4.68 1040 2.50)|) 8. (0 1279 
1.45 | 3.63 806 1.88 | 4.70 1046 2.a1] 5.78 1285 
1.46 | 3.65 812 1.89 | 4.73 1051 2.32 | 5.80 1290 
1.47] 3.68 818 1.90 | 4.75 1057 2.33) 5.83 1293 
1.48 | 3.70 823 1.91] 4.78 1062 2.34] 5.85 1301 
1.49 | 3.73 829 1.92] 4.80 1068 2.35] 5.88 1307 
1.50'| 3.75 834 1.93 | 4.83 1073 2.36 | 5.90 1313 
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TABLE 42 (Continued). 


Lbs. Sugar to Lbs. Sugar to Lbs. Sugar to 
Per Cent|Per Cent] use for cor- ||Per Cent|Per Cent] use for cor- ||Per Cent|Per Cent] use for cor- 
Fat Milk responding Pa, Milk | responding at Milk responding 
S.N.F.| wt. of Fat S.N.F.| wt. of Fat S.N. F.} wt. of Fat. 
2.37 | 5.93 1318 2.80) 7.00 1557 3.23 | 8.08 1796 
2.38 | 5.96 1324 2.81 | 7.03 1563 3.24] 8.10 1802 
2.39 | 5.98 1329 2.82 | 7.05 1568 3.25 | 8.13 1808 
2.40 | 6.00 1335 2.83 | 7.08 1574 3,26 | 8.15 1813 
2.41 | 6.038 1340 2.84] 7.10 1580 3.27 | 8.18 1819 
2.42 | 6.05 1346 PAS) |) (halls) 1585 3.28 | 8.20 1824 
2.43 | 6.08 1352 2.86 | 7.15 1591 3.29 | 8.23 1830 
2.44} 6.10 1357 2.87 | 7.18 1596 3.30 | 8.25 1835 
2.45 | 6.13 1363 yatsto ed a A A0) 1602 3.31 | 8.28 1841 
2.46 | 6.15 1368 2,89) 0.23 1607 3.32 | 8.30 1846 
2.47 | 6.18 1374 2,90!) 7.25 1613 3.33 | 8.33 1852 
2.48 | 6.20 1379 2.91 | 7228 1618 3.34 | 8.35 1858 
2.49 | 6.23 1385 2792) 197230 1624 3.35 | 8.38 1863 
2.50] 6.25 1390 2.93 | 7.33 1630 3.36 | 8.40 1869 
2.51} 6.28 1398 2.94 | 7.35 1635 3.37 | 8.43 1874 
2.52 | 6.30 1401 2.95 | 7.39 1641 3.38 | 8.45 1880 
2.53 | 6.33 1407 2.96 | 7.40 1646 3.39 | 8.48 1885 
2.54 | 6.35 1413 2.97} 7.48 1651 3.40} 8.50 1891 
2.55 | 6.38 1418 2.98 | 7.45 1657 3.41 | 8.53 1897 
2.56 | 6.40 1424 2.99] 7.48 1663 3.42 | 8.55 1902 
2.57 | 6.43 1429 3.00} 7.50 1669" 3.43 | 8.58 1908 
2.58 | 6.45 1436 Bel |} ks 1674 3.44 | 8.60 1913 
2.59 | 6.48 1440 SON roo) 1680 3.45 | 8.63 1919 
2.60 | 6.50 1446 3.03 | 7.58 1685 3.46 | 8.65 1924 
2261 6203 1452 3.04] 7.60 1691 3.47 | 8.68 1930 
2.62) 6.56 1457 3.05") 7.638 1696 3.48 | 8.70 1935 
2.63 | 6.58 1462 3.06 | 7.65 1702 3.49 | 8.73 1941 
2.64 | 6.60 1468 3.07] 7.68 1707 3.50 | 8.75 1947 
2.65 | 6.63 1474 3.08 | 7.70 1713 3.51 | 8.78 1952 
2.66 | 6.65 1479 3.09 | 7.73 1719 3.52 | 8.80 1958 
2.67 | 6.68 1485 3.10} 7.75 1724 3.53 | 8.83 1963 
2.68 | 6.70 1491 3.11] 7.78 1730 3.54 | 8.85 1969 
2.69 | 6.73 1496 3.12] 7.80 1735 3.55 | 8.88 1974 
2.70] 6.76 1502 3.13 | 7.83 1741 3.56 | 8.90 1980 
Pas tiie|) (,.7he: 1507 3.14] 7.85 1746 3.57 | 8.93 1986 
2.72 | 6.80 1513 3.15] 7.88 1752 3.58 | 8.95 1991 
2.73 | 6.83 1518 3.16] 7.90 1758 3.59 | 8.98 1997 
2.74 | 6.85 1424 . 3.17 | 7.93 1763 3.60 | 9.00 2002 
2.75 | 6.88 1529 3.18} 7.95 1769 3.61 | 9.03 2008 
2.76 | 6.90 1539 3.19} 7.98 1774 3.62 | 9.05 2013 
2.77 | 6.98 1541 3.20} 8.00 1780 3.63 | 9.08 2019 
2.78 | 6.96 1546 3.21] 8.03 1785 3.64 },9.10 2124 
2.79 | 6.98 1552 Byars || fey. 05) 1791 3.65 | 9.138 2030 


So 
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TABLE 42 (Continued). 


i Lbs. Sugar to c Lbs. Sugar to Lbs. Sugar to 
Per Cent|Per Cent] use for cor- ||Per Cent|/Per Cent| use for cor- | Per Cent|Per Cent| use for cor- 
Fa _Milk_| respcnding Mat uk | responding Fat Milk responding 
S.N.F.) wt. of Fat 5S. N.F.| wt. of Fat S.N.F.| wt. of Fat 
3.66 | 9.15 2036 4.09 }10.23 2219 4.52 |11.30 2514 
3.67] 9.18 2041 4.10 |10.25 2280 4.53 111.338 2519 
3.68 | 9.20 2047 4.11 |10.28 2286 4.54 /11.35 2525 
3.69 | 9.23 2053 4.12 |10.30 2291 4.55 {11.38 2531 
3.70)! 9.25 2058 4.13 |10.33 2297 4.56 |11.40 2536 
3.71 | 9.28 2064 4.14 |10.35 2303 4.57 |11.43 2542 
3.72 | 9.30 2069 4.15 10.38 2308 4.58 {11.45 2547 
3.73 | 9.33 2075 4.16 |10.40 2314 4.59 }11.48 2553 
3.74 | 9.35 2080 4.17 |10.43 2319 4.60 |11.50 2558 
3.75 | 9.38 2086 4.18 |10.45 2325 4.61 {11.53 2564 
3.76 | 9.40 2091 4.19 |10.48 2330 4.62 {11.55 2570 
3.77 | 9.48 2097 4.20 |10.50 2336 4.63 |11.58 2575 
3.78 | 9.45 2102 4.21 |10.53 2341 4.64 |11.60 2581 
3.79 | 9.48 2108 4,22 |10.55 2347 4.65 |11.63 2586 
3.80] 9.50 2113 4.23 |10.58 2353 4.66 |11.65 2592 
3.81 | 9.53 2119 4.24 110.60 2358 4.67 |11.68 2597 
3.82 | 9.55 2125 4.25 |10.63 2364 4.68 {11.70 2603 
3.83 | 9.58 2130 4.26 |10.65 2369 4.69 |11.73 2608 
3.84 | 9.60 2136 4.27 |10.68 2375 4.70 |11.75 2614 
3.85 | 9.63 2141 4.28 |10.70 2380 4.71 |11.78 2620 
3.86 | 9.65 2147 4.29 |10.73 2386 4.72 |11.80 2625 
3.87 | 9.68 2152 4.30 |10.75 2392 4.73 |11.83 2631 
3.88 | 9.70 2158 4.31 |10.78 2397 4.74 111.85 2636 
3.89 | 9.73 2164 4.32 |10.80 2403 4.75 |11.88 2642 
38.90 | 9.75 2169 4.33 |10.83 2408 4.76 |11.90 2647 
3.9L 179.78 2175 4.34 10.85 2414 4.77 |11.93 2653 
3.92 | 9.80 2180 4.35 |10.88 2419 4.78 |11.95 2659 
3.93 | 9.83 2186 4.36 |10.90 2425 4.79 |11.98 2664 
3.94} 9.85 2191 4.37 |10.93 2430 4.80 |12.00 2670 
8.95 | 9.88 2197 4.38 |10.95 2436 4.81 |12.03 2675 
3.96 | 9.90 2202 4.39 |10.98 2442 4.82 |12.05 2681 
3.97 | 9.93 2208 4.40 {11.00 2447 4.83 |12.08 2686 
3.98 | 9.95 2214 4.41 |11.03 2453 4.84 |12.10 2692 
3.99 | 9.98 2219 4.42 |11.05 2458 4.85 |12.13 2697 
4.00 |10.00 2225 4.43 |11.08 2464 4.86 12.15 2703 
4.01 |10.03 2230 4.44 |11.10 2469 4.87 |12.18 2709 
4.02 |10.05 2236 4.45 J11.13 2475 4.88 |12.20 2714 
4.03 {10.08 2241 4.46 |11.15 2481 4.89 |12.23 2720 
4.04 |10.10 2247 4.47 |11.18 2486 4.90 }12.25 2725 
4.05 |10.13 2253 4.48 |11.20 2492 4.91 |12.28 2731 
4.06 |10.15 2258 4.49 /11.23 2497 4.92 |12.30 2736 
4.07 |10.18 2264 4.50 11.25 2503 4.93 112.33 2742 
4.08 |10.20 2269 4.51 {11.28 2508 4.94 |12.35 2747 
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TABLE 42 (Continued). 


Lbs. Sugar to Lbs. Sugar to Lbs. Sugar to 
Per Cent|Per Cent] use for cor |/Per Cent|Per eel use See econ hel ore 
se MY. Raia ees ge oN. F. wie! Fat S.N.F.| wt. of Fat 
4.95 |12.38 2758 5.38 {13.45 2992 5.81 114.53 3231 
4.96 |12.40 2759 5.39 |13.48 2998 5.82 {14.55 3237 
4.97 |12.43 2764 5.40 |13.50 3003 5.83 |14.58 3242 
4.98 }12.45 2770 5.41 |13.53 3008 5.84 |14.60 3248 
4.99 |12.48 2775 5.42 13.55 3014 5.85 |14.63 3254 
5.00 }12.50 2781 5.43 |13.58 3020 5.86 |14.65 3259 
5.01 |12:53 2786 5.44 |13.60 3026 5.87 |14.68 3265 
5.02 |12.55 2793 5.45 |13.63 | 3031 5.88 |14.70 3270 
5.08 12.58 2798 6.46 13.65 3037 5.89 |14.73 3276 
5.04 |12.60 2803 5.47 |13.68 3042 5.90 |14.75 3281 
5.05 |12.63 2809 5.48 {13.70 3048 5.91 |14.78 3287 
5.06 |12.65 2814 5.49 }13.73 3053 5.92 |14.80 3293 
5.07 {12.68 2820 5.50 |13.75 3059 5.93 |14.83 3298 
5.08 {12.70 2825 5.51 {13.78 3065 5.94 {14.85 3304 
5.09 12.73 2831 5.52 |13.80 3070 5.95 |14.88 3309 
5.10 |12.75 2836 5.53 |13.83 3076 5.96 |14.90 3315 
5.11 |12.78 2842 5.54 113.85 3081 5.97 {14.93 3320 
5.12 |12.80 2848 5.55 |13.88 3087 5.98 |14.95 3326 
5.13 12.83 2853 5.56 {13.90 3092 5.99 |14.98 3331 
5.14 {12.85 2859 5.57 13.93 3098 6.00 |15.00 3337 
5.15 |12.88 2864 5.58 |13.95 3103 6.01 |15.03 3343 
5.16 |12.90 2870 5.59 |13.98 3109 6.02 |15.05 3348 
5.17 [12.93 2875 5.60 |14.00 3315 6.03 |15.08 3354 
5.18 |12.95 2881 5.61 |14.03 3120 6.04 |15.10 3359 
5.19 |12.98 2887 5.62 |14.05 3126 6.05 |15.138 3365 
5.20 |13.00 2892 5.63 |14.08 3131 6.06 {15.15 3370 
5.21 |13.03 2898 5.64 {14.10 3137 6.07 |15.18 3376 
5.22 113.05 2903 5.65 |14.13 3142 6.08 |15.20 3382 
5.23 113.08 2909 5.66 |14.15 0148 6.09 }15.23 3387 
5.24 |13.10 2914 5.67 |14.18 3154 6.10 |15.25 3393 
5.25 |13.13 2920 5.68 |14.20 3159 6.11 |15.28 3398 
5.26 |13.15 2925 5.69 14.23 3165 6.12 |15.30 3404 
5.27 |13.18 2931 5.70 {14.25 3170 6.13 |15.33 3409 
5.28 {13.20 2937 5.71 {14.28 3176 ~ 6.14 |15.35 8415 
5.29 |13.23 2942 5.72 |14.30 3181 6.15 15.38 3420 
5.30 {13.25 2948 5.73 |14.33 3187 6.16 |15.40 3426 
5.31 }13.28 2953 5.74 |14.35 3192 6.17 |15.48 3432 
5.32 |13.30 2959 5.75 (14.38 3198 6.18 |15.45 3437 
5.33 |13.33 2964 5.76 {14.40 3204 6.19 |15.48 3443 
5.34 |13.35 2970 5.77 |14.43 3209 6.20 |15.50 3448 
5.35 |13.38 2976 5.78 |14.45 3215 6.21 |15.53 3454 
5.36 {13.40 2981 5.79 14.48 3220 6.22 [15.55 3459 
_ 5.37 [13.48 2987 5.80 {14.50 3226 6.23 {15.58 3465 
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TABLE 42 (Continued). 


Lbs. Sugar to Lbs. Sugar to Lbs. Sugar to 

Per Cent|Per Cent} use for cor- || Per Cent|Per Cent} use for cor- |] Per Cent/Per Cent] use for cor- 
Fat Milk responding at Milk | responding Fat Milk | responding 
S.N.F.| wt. of Fat. S. N.F.| wt. of Fat. S.N.F.| wt. of Fat. 


24 |15.60 3471 
25 |15.63 3476 
26 115.65 3482 
27 |15.68 3487 
28 15.70 3493 
29 {15.73 3498 
30 |15.75 3504 
31 |15.78 3509 
.32 {15.80 3515 
.33 |15.83 3521 
34 115.85 3528 
.35 {15.88 3532 
36 |15.90 3543 
37 |15.93 3545 
38 |15.95 3548 
39 |15.98 3554 
40 |16.00 3560 
41 |16.03 3565 
42 116.05 3571 
43 |16.08 3576 
: 3582 
.45 }16.13 3587 
.46 |16.15 3593 
47 |16.18 3598 
.48 |16.20 3604 
49 |16.23 3610 
50 |16.25 3615 
51 |16.28 3621 
52 |16.30 3626 
53 {16.33 3632 
54 116.35 3637 
55 |16.38 3643 
56 |16.40 3648 
57 {16.43 3654 
58 |16.45 3660 
59 |16.48 3665 
60 |16.50 3671 
61 |16.53 3676 
62 |16.55 3682 
63 |16.58 3687 
64 |16.60 3693 
6.65 |16.63 3699 
6.66 {16.65 3704 


67 |16.68 3710 
68 |16.70 3715 
69 |16.73 38721 
70 |16.75 3726 
71 116.78 3732 
72 {16.80 3737 
.73 {16.83 3743 
74 16.85 3749 
75 |16.88 3754 
.76 |16.90 3760 
77 116.93 3765 
78 |16.95 3771 
79 16.98 3776 
80 ]17.00 3782 
81 |17.03 3788 
82 |17.05 3793 
83 |17.08 3799 
84 |17.10 3804 
85 |17.13 3810 
.86 17.15 3815 
87 |17.18 3821 
.20 3826 
89 |17.23 0832 
.90 |17.25 3838 
91 |17.28 3843 
.92 |17.30 3849 
93 |17.33 3854 
94 |17.35 3860 
95 |17.38 3865 
96 |17.40 3871 
97 117.43 3877 
98 )17.45 3883 
99 |17.48 3888 
.00 17.50 3893 
O1 17.53 3899 
02 }17.55 3904 
.03 |17.58 3910 
.04 |17.60 3915 


10 17.75 3949 
11 |17.78 3954 
12 |17.80 3960 
13 |17.83 3966 
.14 17.85 3971 
.15 |17.88 3977 
.16 |17.90 3982 
17 |17.93 3988 
18 17.95 3993 
LON 9S 3999 
20 |18.00 4004 
.21 {18.03 4010 
22 118.05 4016 
.23 |18.08 4021 
24 |18.10 4027 
.25 |18.18 4032 
26 18.15 4038 
27 |18.18 4043 
28 |18.20 4049 
29 |18.23 4055 
4060 
31 J18.28 4066 
32 |18.30 4071 
33 [18.33 4077 
34 118.35 4082 
35 |18.38 4088 
36 18.40 4093 
37 118.43 4099 
38 |18.45 4105 
39 |18.48 4110 
.40 118.50 4116 
41 |18.53 4121 
.42 |18.55 4127 
43 |18.58 4132 
44 |18.60 4138 
.45 |18.63 4143 
46 |18.65 4148 
.47 118.68 4155 
.05 |17.63 3921 .48 |18.70 4160 
06 |17.65 3927 49 |18.73 4166 
07 |17.68 3932 7.50 [18.75 4171 
08 {17.70 3938 7.51 |18.78 4177 
09 |17.73 3943 7.52 |18.80 4182 
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TABLE 42 (Continued). 


Lbs. Sugar to Lbs. Sugar to Lbs. Sugar to 
Per Cent Sty use ee cor- |} Per Cent Eee use for cor- peatee ees Cee ie 
Fat espondin Fat Ja ~ | responding a, 2. 
: 8.N.F. araah Pat, 8.N.F. wt. of Fat S.N.F wt. of Fat 


39 |20.98| 4666 
40 |21.00] 4672 
41 |21.03| 4677 
42 |21.05| 4683 
43 |21.08| 4689 
44 |21.10| 4695 
45 121.13| 4700 
46 21.15] 4705 
47 121.18| 4711 
48 |21.20| 4716 
49 |21.23 | 4722 
50 |21.25| 4727 
51 |21.28| 4733 
52 |21.30| 4739 
53 |21.33| 4744 
54|21.35| 4750 
55 |21.38| 4756 
56 [21.40] 4761 
57 |21.43| 4766 
58 |21.45| 4772 
59 |21.48| 4778 
4783 
6121.53} 4789 
62 |21.55| 4794 
63 |21.58| 4800 
64 121.60] 4805 
.65 [21.63] 4811 
66 |21.65| 4816 
67 |21.68| 4822 
68 |21.70| 4828 
69 |21.73| 4833 
70 |21.75| 4839 
71|21.78| 4844 
72 |21.80| 4850 
.73 [21.83 | 4855 
.74|21.85| 4861 
75 |21.88| 4867 
76 |21.90| 4872 
77 |21.93| 4878 
78 |21.95| 4883 
79 |21.98| 4889 
80 |22.00] 4894 
.81 [22.03] 4900 


.53 {18.83 4188 
.54 |18.85 4194 
.55 {18.87 4199 
.56 }18.90 4205 
.57 |18.938 4210 
.58 }18.95 4216 
.59 |18.97 4221 
.60 |19.00 4227 
.61 |19.03 4232 
.62 |19.05 4238 
.63 19.08 4244 
.64 |19.10 4249 
.65 {19.13 4255 
.66 19.15 4260 
.67 }19.18 4266 
.68 119.20 4271 
.69 |19.23 4277 
70 }19.25 4283 
em LORS 4288 
.72 119.30 4294 .15 |20.38 4533 
.73 {19.33 4299 .16 |20.40 4538 


a 7.96 |19.90 4427 
g 7 
i a 
7 7 
7 8 
7 8 
a 8 
a 8 
7 8 
i 8 
a 8 
a 8 
7 8 
7 8 
a 8 
a 8 
7 8 
a 8 
7 8 
7 8 
7 8 
7.74 119.35 4303 8.17 20.43 4544 
7 8 
a 8 
7 8 
a 8 
a 8 
7 8 
vi 8 
7 8 
7 8 
7 8 
7 8 
a 8 
7 8 
7 8 
7 8 
7 8 
7 8 
a 8 
a 8 
7 8. 
he 8. 


.97 |19.93 4433 
.98 }19.95 4438 
.99 }19.98 4444 
.00 120.00 4449 
.O1 |20.03 4455 
.02 |20.05 4460 
.03 |20.08 4466 
04 |20.10 4472 
.05 |20.18 4477 
.06 |20.15 4483 
.O7 {20.18 4488 
.O8 |20.20 4494 
.09 |20.23 4499 
10 |20.25 4505 
11 |20.28 4511 
.12 20.30 4516 
13 [20.33 4522 
14 20.35 4527 


15 |19.37 4310 18 |20.45 4549 
.76 |19.40 4316 19 |20.48 4555 
77 \19.43 4321 .20 |20.50 4561 
.78 19.45 4327 21 |20.53 4566 
.79 }19.48 4333 22 |20.55 4572 
.80 |19.50 4338 .23 |20.58 4577 
.81 119.53 4344 .24 |20.60 4583 
.82 |19.55 4349 .25 |20.63 4588 
.83 |19.58 4355 .26 120.65 4594 
.84 {19.60 4360 .27 |20.68 4600 
.85 |19.63 4366 .28 |20.70 4605 
.86 |19.65 4371 .29 |20.73 4611 
.87 |19.68 4377 .380 [20.75 4616 
.88 |19.70 4383 .31 120.78 4622 
.89 }19.73 4388 .32 [20.80 4627 
.90 19.75 4394 .33 {20.83 4633 
ASHE |G), 7A} 4399 34 |20.85 4638 
.92 |19.80 4405 .35 [20.88 4644 
.93 }19.83 4410 .36 [20.90 4650 
.94 |19.85 4416 37 120.93 4655 
95 {19.88 4422 88 120.95 4661 
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TABLE 42 (Continued). 


Per Cent|Per Cent ae cd nese Per Cent! Per Cent ne a ot Per Cent} Per Cent ree eee 
Fat Milk responding Fat | Milk responding Fat Milk responding 

eal S.N.F.| wt. of Fat S.N.F.| wt. of Fat S.N.F.] wt. of Fat 
8.82 [22.05 4905 8.88 |22.20 4939 8.94 22.35 4972 
8.83 |22.08 4911 8.89 ]22.23 4944 8.95 |22.38 4978 
8.84 22.10 4917 8.90 |22.25 4950 8.96 |22.40 4983 
8.85 122.13 4922 8.91 |22.28 4956 8.97 |22.43 4989 
8.86 |22.15 4928 8.92 |22.30 4961 8.98 |22.45 4994 
8.87 |22.18 4933 8.93 |22.33 4967 8.99 |22.48 5000 


KEY TO FORMULAS FOR STANDARDIZING SWEETENED 
CONDENSED MILK. 


D =The pounds of condensed whole milk. 

F = The percentage of fat in the whole milk. 

G = The percentage of fat in the cream. 

G' = The percentage of fat in the unsweetened condensed skim- 


milk. 

I =The percentage of 8. N. F. in the sweetened condensed skim- 
milk. 

I! = The percentage of 8.N.F. in the unsweetened condensed 
skim-milk. 


J = The percentage of S.N.F. in the cream. 

K = The percentage of fat in the skim-milk. 

K! = The percentage of fat in the condensed whole milk. 

L =The pounds of skim-milk. 

Li= The pounds of sweetened condensed skim-milk. 

M =The percentage of fat in the sweetened condensed skim- 
milk. 

N =The percentage of S.N.F. in the skim-milk. 

N1 — The percentage of T.S. in the skim-milk. 

O =The pounds of cream. 

P =The pounds of whole milk. 

Q = The pounds of condensed skim-milk. 

R = The ratio of S.N.F. to fat in the desired product. 

S = The percentage of S.N.F. in the whole milk. 

S! = The average percentage of fat in the mixed batch. 

S? = The percentage of 8. N.F. in the unsweetened condensed 
whole milk. 

S? = The percentage of S.N.F. in the mixed batch. 
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U =The pounds of sugar required. 

V =The percentage of S.N.F. in the cream. 

V:= The percentage of S.N.F. in the mixed batch. 

Y =The ratio of sugar to fat. 

Y1= The ratio of sugar to total solids. 

Y? = The ratio of total milk solids to sugar. 

% = The percentage of sugar in the sweetened condensed milk. 


PROVIDING FACTOR OF SAFETY. 

In all the problems given in this chapter, the calculations are 
made upon the basis of the absolute standard without allowing 
any factor of safety. It is recommended that in practice in the 
case of sweetened condensed milk, a factor of safety be allowed 
of about .10 per cent upon the fat and .30 per cent upon the T.S. 
It may be possible under the best conditions of plant operation 
to reduce this factor slightly. 


STANDARDIZING SWEETENED CONDENSED MILK BEFORE 
CONDENSING. 
Problem 18: How to Calculate the Pounds of Skim-milk to Add 
to Whole Milk. 

The ratio between the percentage of milk 8. N. F. and the per- 
centage of fat in the whole milk must be more than the required 
ratio. 

Solution of Problem 18, based upon Rule 16: 

(1.) Divide the percentage of fat in the skim-milk by the 
ratio between the S. N. F. and the fat in the product desired. Sub- 
tract the answer from the 8. N. F. in the skim-milk. Call the re- 
mainder A, or the percentage of S8.N.F. available for standard- 
izing. 

(2.) Divide the percentage of fat in the whole milk by the 
ratio between the 8. N. F. and the fat in the product desired. Call 
answer B. Subtract from B the percentage of S.N.F. present 
in the whole milk. Multiply the remainder by the pounds of 
whole milk in the batch. Call the result C. 

(3.) Divide © by A. The answer will be the pounds of skim- 
milk necessary to standardize the batch to the required ratio. 

(4.) Multiply the pounds of whole milk by the fat test of 
the whole milk. Call the product D. Multiply the pounds of 
skim-milk by the fat test of the skim-milk. Call the product E, 


» 
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Add D plus E and divide the sum by the ratio between the sugar 
and the fat, in the product desired. The answer will be the 
pounds of sugar required for the total batch. 
Solution of Problem 18, based upon Formula 16: 

(1.) To calculate the pounds of skim-milk required. 


F 
ele 
i 
R 
(2.) To calculate the pounds of sugar to add. 
(PE) (UB) 


t= 
ve 
Problem 18, Example 19: 
PER CENT 
PRODUCTS 
Pounds Fat M.S.N.F. Sugar Te Se 

Millie seater tetas ote aie 10,000 3.79 8.31 PX 10) 
Skimenal lke paeeaserne eee .16 8.47 8.63 
Composition desired after 

Condens cae aa eee 8.00 20.00 44.50 72.50 


Solution of Problem 18, Example 19, based upon Rule 16: 


(1.) To calculate the available S.N. F. in the skim-milk. 
.16—.40=.40, per cent of milk 8. N. F. required to equalize 
the fat in the skim-milk. 
8.47—.40=8.07, per cent of milk 8. N. F. available for stand- 
ardizing. 
(2.) To calculate the pounds of S.N.F. short. 


3.79-- .40=9.48, per cent of S. N. F. required. 
9.48—8.31—1.17, per cent of S. N. F. short. 
10000 .0117=117, pounds of S. N. F. short. 


(3.) To calculate the pounds of skim-milk required. 
117-—.0807=1443,, pounds of skim-milk required. 

(4.) To calculate the pounds of sugar required. 
10000 .0379=379, pounds of fat in the whole milk. 
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1443 .0016= 2, pounds of fat in the skim-milk. 


379+  2= 881, or total pounds of fat in the entire batch. 
381—.1798=2120, pounds of sugar required for total batch. 


Condense sufficiently high to provide the proper factor of 
safety. 


Solution of Problem 18, Example 19, based upon Formula 16: 
(1.) To calculate the pounds of skim-milk required. 


(2379 __ 9831) 10000 
40 
L= es 
0016 
0847— Fo 


(2.) To calculate the pounds of sugar required. 
(10000 .0379) + (1443 x .0016) 


== 2120 
Us: A798 


Proof Problem 18, Example 19: 


POUNDS PER CENT 
prodsers Fae de peulisusersl PS. Rat isn es | Soeer (mans) 
Nils teres 10000 | 379 a 831 1210 | 3.79 8.31. 12.10 
Skim-milk....... 1443 | 2.3 | 122 124.3 16 8.47 8 73 
Sugar he eee | 2120 2120 | 2120 100 | 100 
Standardized 
PLOduct ae cee 13563 |881.3 | 953 | 2120 |3454.3) 2.76 | 7.02 |15.64 |25.60 


Ratio of M.S. N. F. to fat obtained is 381.3 — 953 = .40. 
STANDARDIZING SWEETENED CONDENSED MILK’ BEFORE 
CONDENSING. 


Problem 19: How to Calculate the Pounds of Cream to Add to 
Whole Milk. 


The ratio hetween the percentage of milk S.N.F. and fat in 
the whole milk must be less than the required ratio. 


Solution of Problem 19, based upon Rule 17: 


(1.) Multiply the percentage of S.N.F. in the cream by the 
ratio between the S.N.F. and the fat in the product desired. 
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Subtract the result from the percentage of fat in the cream. Call 
the remainder A, or the per cent of fat in the cream available 
for standardizing. 

(2.) Multiply the percentage of S.N.F. in the whole milk 
by the ratio between the 8. N.F. and the fat in the product de- 
sired. Call the result B, or the percentage of fat required. Sub- 
tract from B the percentage of fat present in the whole milk. 
Multiply the remainder by the pounds of whole milk in the batch. 
Call the result C, or the pounds of fat short. 

(3.) Divide C by A. The answer will be the pounds of cream 
required to standardize the batch to the desired ratio. 

(4.) Multiply the pounds of whole milk by the fat test of 
the whole milk. Call the answer D. Multiply the pounds of 
cream by the fat test of the cream. Call the result E. Add D 
to EK, and divide the sum by the ratio between the percentage 
of sugar and the percentage of fat in the product desired. The 
answer will be the number of pounds of sugar required for the 
total batch. 


Solution of Problem 19, based upon Formula 17: 


(1.) To calculate the pounds of cream required. 


One | (SR) —F] P 
G—VR 
(2.) To calculate the pounds of sugar required. 
py — (PF) + (0G) 
Yi 
Problem 19, Example 20: 
PER CENT 
Products Pounds 
Fat Mie Sae Neue Sugar cS 

MGI 5 owe ae 10000 3.30 8.63 11.98 
Creaminea 26.38 6.44 32.82 
Suga Genrer 100.00 
Composition desired 
after condensing......... 8.00 20.00 44.50 T2230 
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Solution of Problem 19, Example 20, based upon Rule 17: 
(1.) To calculate the available fat in the cream. 
6.44 <x .40—= 2.56, per cent of fat required to equalize the 
S.N.F. in the cream. 
26.38 — 2.56 = 28.80, per cent of fat available for standardiz- 


ing. 


(2.) To calculate the pounds of fat short. 
8.63 x .40 — 3.45, per cent of fat required. 
3.45 — 3.85 = .10, per cent of fat short. 

10000 x .0010= 10 pounds, of fat short. 


(3.) To calculate the pounds of cream required. 


10 ~ .2380 = 48, pounds of cream required. 


(4.) To calculate the pounds of sugar required. 
10000 « .0335 = 335, pounds of fat in whole milk. 
43 & .2688 = 11, pounds of fat in cream. 
335 + 11=— 346, total pounds of fat in entire batch. 


346 — .1796 = 1926, pounds of sugar required for the total 
batch. . 


Condense sufficiently to provide the proper factor of safety. 


Solution of Problem 19, Example 20, based upon Formula 17: 


(1.) To calculate the pounds of cream required. 


0863 40) —.0335] X 10000 
= eee Bas = 42.85 
2638 — (.0644 X .40) 


(2.) To calculate the pounds of sugar required. 


ee 49. 85\¢ 96! 
ae a 638), 1926 
< oN 
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Proof of Problem 19, Example 20: 
POUNDS PER CENT 
Products M.S. M.S. 
Fat NG Sugar i eric Fat N.F. | Sugar | T.S. 
Milk....| 10000 | 335.00] 863 1198 | 3.35] 8.63 11.98 
Cream...| 42.85 Pe 39) e276 14.06/26.38 | 6.44 32.82 
Sugar... .|1926.00 1926 |1926.00 100 {100.00 
Stand’zed 
Product |11968.85] 346.30] 865.76} 1926 3138.06} 2.83 | 7.23 |16.09 (26.15 
Ratio of M.S. N. F. to fat obtained is 346.3 — 865.7 = .40. 


Ratio of sugar to fat obtained is 346.3 ~ 1926 = .1798. 


STANDARDIZING SWEETENED CONDENSED MILK BEFORE 
CONDENSING. 
Problem 20: How to Calculate the Pounds of Cream to Add to 
Skim-milk. 


Solution of Problem 20, based upon Rule 18: 

(1.) Multiply the percentage of S.N.F. in the cream by the 
ratio between the 8.N.F. and the fat in the product desired. 
Subtract the result from the percentage of fat in the cream. Call 
the remainder A, or the percentage of fat in the cream available 
for standardizing. 

(2.) Multiply the percentage of S.N.F. in the skim-milk by 
the ratio between the S. N. F. and the fat in the product desired. 
Call the result B. Subtract from B the percentage of fat in the 
skim-milk and multiply the remainder by the pounds of skim- 
milk in the batch. Call the result C. Divide C by A. The answer 
will be the pounds of cream required to standardize the batch to 
the required ratio. 

(3.) Multiply the pounds of skim-milk in the batch by the 
percentage of fat in the skim-milk. Call the answer D. Multiply 
the pounds of cream required by the percentage of fat in the 
eream. Call answer E. Add D to E and divide the sum of the 
two by the ratio between the percentage of cane sugar and the 
percentage of fat in the product desired. The answer will be the 
pounds of sugar required for the total batch. 
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Solution of Problem 20, based upon Formula 18: 


(1.) To calculate the pounds of cream required. 
9 — LNB) —KI L 

G — (JR) 
(2.) To calculate the pounds of sugar required. 
_ (UK) + (06) 


U 
We 
Problem 20, Example 21: 
PER CENT 

Products Pounds Fat M.S. N.F. Sugar TSs 
Skim-milk...}| 10000 .20 8.63 8.83 
Cream...... ‘ 26.38 6.44 32.82 
Sugars 100.00 100.00 
Composition desired after 
COnd Een SIn oe ew tere 8.00 20.00 44.50 72.50 


Solution of Problem 20, Example 21, based upon Rule 18: 


(1.) To calculate the available fat in the cream. 
6.44 40= 2.58, per cent of fat required to equalize the 
S.N.F. in cream. 
26.38 — 2.58 = 23.80, per cent of fat in the cream available for 
standardizing. 
(2.) To calculate the pounds of fat short. 
8.63 xX .40 = 3.45, per cent of fat required. 
3.45 — .20 = 3.25, per cent of fat short. 
10000  .0325= 325, pounds of fat short. 
(3.) To calculate the pounds of cream required. 
325 -+ .2380 = 1366, pounds of cream required. 


(4.) To calculate the pounds of sugar required. 
10000 « .0020 = 20, pounds of fat in skim-milk. 
1366 X .2638 = 360, pounds of fat in cream. 
20+ 360=— 380, total pounds of fat in the batch. 
380 —- .1798 = 2115, pounds of sugar required for the total 
batch. 


PROBLEMS IN STANDARDIZING 267 
Solution of Problem 20, Example 21, based upon Formula 18: 
(1.) To calculate the pounds of cream required. 


_ [(.0863x.40)—.002] x 10000 _ 
2638 — (.0644 x .40) 


= 1366 


(2.) To calculate the pounds of sugar required. 


(10000 > .002) + (1366 x .2638) _ 


Ue = PAS 
1798 
Proof of Problem 20, Example 21: 
POUNDS PER CENT 

preter Fat Ae Sugar Ss Fat a Sugar | T.S. 
Skim- 
milk...../ 10000 20 863 883 .20 | 8.63 8.83 
Cream...| 1366 360 88 448 |26.38 | 6.44 32.82 
Sugar....| 2115 2115 2115 100.00}100.00 
Stand- 
ardized 
product | 13481 380 951 2115 3446 2.82 | 7.05 | 15.52)25.38 


Ratio of M.S. N. F. to fat obtained is 380 + 950 = .40. 
Ratio of sugar to fat obtained is 880-2115—.1798. 


STANDARDIZING SWEETENED CONDENSED MILK BEFORE 
CONDENSING. 


Problem 21: How to Calculate the Pounds of Cream to Add, 
Knowing the Pounds of Whole and Skim-milk on Hand, 
and the Percentage of Fat and 8S. N. F. in All 
Three Products. 


Solution of Problem 21, based upon Rule 19: 

(1.) If the ratio between the 8S. N. F. and the fat in the fresh 
milk is more than the required ratio, standardize the fresh milk 
with the skim-milk, using Rule 16. Deduct the pounds of skim- 
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milk required to standardize the fresh milk from the total pounds 
of skim-milk on hand. 


(2.) If the ratio between the percentage of S.N.F. and the 
percentage of fat in the fresh milk is less than the required ratio, 
standardize the fresh milk with cream, using Rule 17. 


(3.) Now standardize the skim-milk remaining under (1), or 
all the skim-milk on hand, as in the case under (2), using Rule 18 
to arrive at the amount of cream necessary to add in either case. 
Make the necessary calculations to get the proper weights under 
the double standardization. 


(4.) Multiply the pounds of whole milk in the batch by the 
percentage of fat in the whole milk. Call the answer A. Multi- 
ply the pounds of skim-milk by the fat test of the skim-milk. 
Call the answer B. Multiply the pounds of cream required by 
the fat test of the cream. Call the answer C. Divide the sum 
of A, B and C by the ratio between the percentage of sugar and 
the percentage of fat in the product desired. The answer will 
be the number of pounds of sugar required for the total batch. 


Solution of Problem 21, based upon Formula 19: 


(1.) To calculate the pounds of cream required to standard- 
ize the whole milk. 
[(S R) — F] P 
G— (JR) 


Oo= 


(2.) To calculate the pounds of cream required to standard- 
ize the whole milk. 


PONS oh) iol 
C2 SCR) 


(3.) To calculate the pounds of sugar to add. 


Of 


(Pee RS Os eG) 


ie 
es NG 


Note—The value of O in part (8) of the formula equals the 
value of O in part (1) plus the value of O in part: (2) of the for- 
mula. 
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Problem 21, Example 22: 


PER CENT 
ee) zou: Fat M.S.N.F. Sugar Te 
NMilkeee 7 10,000 3.20 8.40 11.60 % 
Skim-milk.. . 600 .16 8.47 8. 63 
Cream cen 26.38 6.44 32.82 
Composition 
desired...... 8.00 20.00 44.50 72.50 


Desired ratio of milk solids not fat to fat is 1 to .40. 
Desired ratio of sugar to fat is 1 to .1798. 


Solution of Problem 21, Example 22, based upon Rule 19: 
A. Standardize the whole milk, using Rule 17: 


(1.) To calculate the available fat in the cream. 


6.44 40— 2.58, per cent of fat required to equalize the 
S. N. F. in cream. 
26.38 — 2.58 = 23.80, per cent of fat available for standardizing. 


(2.) To calculate the pounds of fat short. 
8.40 x 40 =3.86, per cent of fat required. 
3.86 — 3.20 = .16, per cent of fat short. 

10000 « .0016 = 16, pounds of fat short. 

(3.) To calculate the pounds of cream required. 

16 — .2380 = 67, or the pounds of cream required to standardize 
the whole milk. 

Should the whole milk require skim-milk instead of cream, use 
Rule 16 and subtract pounds of skim-milk required from the total 
pounds of skim-milk, and then standardize the balance of the 
skim-milk, using Rule 18. 

B. Standardize the skim-milk with cream, using Rule 18. 


(1.) To calculate the available fat in the cream. 
Same as under A (1) above = 23.80. 


270 STANDARDIZING SWEETENED CONDENSED M11,k 


8.47 <x .40= 3.89, per cent of fat required. 
3.39 — .16 = 3.23, per cent of fat short. 
600 « .0323 = 19, pounds of fat short. 


(3.) To calculate the pounds of cream required 
21 + .2380 = 81, pounds of cream required to standardize the 
skim-milk. 
C. Adding together answer obtained under A and B= 67 


plus 81 = 148, pounds of cream required to standardize the en- 
tire batch. 


(4.) D. To calculate the pounds of sugar required. 


10000 « .0320 = 32, pounds of fat in whole milk. 
600 * .0016 = 1, pounds of fat in skim-milk. 
(67 + 81) X .2688 = 39, pounds of fat in cream. 
320 +-1-++ 89 = 360, pounds of fat in entire batch. 
360 — .1798 = 2003, pounds of sugar required for total batch. 


Solution of Problem 21, Example 22, based upon Formula 19: 


(1.) To calculate the pounds of cream required to standardize 
the whole milk. 


o — [ (0840 x 40) — .0320] x 10000 
2638 — (.0644 x .40) <2 


(2.) To calculate the pounds of cream required to standardize 
the skim-milk. 


o= [ (.0847 x .40) — .0016] x 600 
.2638 — (.0644 x .40) 


== S1t36 
(3.) To calculate the pounds of sugar to add. 


= 2003 


U= (10000 x .0320) + (600 x .0016) + (148.56 x .2638) 
1798 
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Proof of Problem 21, Example 22: 


POUNDS PER CENT 

RSME hy: Fat Ne ee Sugar ALES Fat Ne 7 Sugar | T.S. 
Milk....} 10000 |320.00 |840.00 1160.0 | 3.20; 8.40 11.60 
Skim- 
ml kee OOO .96 51 lg) DLGMNSRAT, 8.63 
Cream...| 148 39.19 9 48.1 (26.38! 6.44 BW oe 
Sugar... ./2003.0 2003.0 |2003.0 100.00/100. 
Stand- 
ardized 
product..| 12751 360 | 9007 120037018263 ON P2282 ei OonLon (OniZonod 


The ratio of M.S. N. F. to fat obtained is 1 to .40. 
The ratio of sugar to fat obtained is 1 to .1798. 


STANDARDIZING SWEETENED CONDENSED MILK BEFORE 
CONDENSING. 


Problem 22: How to Calculate the Pounds of Sweetened Con- 
_densed Skim-milk to Add to Whole Milk. 


Solution of Problem 22, based upon Rule 20: 

(1.) Divide the fat in the condensed skim-milk by the ratio 
between the 8. N. F. and the fat in the product desired. Subtract 
the answer from the percentage of S. N. F. in the skim-milk. Call 
remainder A, or the percentage of milk S. N. F. in the condensed 
skim-milk available for standardizing. 

(2.) Divide the percentage of fat in the whole milk by the 
ratio between the S. N. F. and the fat in the product desired. Call 
the answer B. Subtract from B the percentage of S. N. F. present 
in the whole milk and multiply the remainder by the pounds of 
whole milk in the batch. Call the result C. 

(3.) Divide C by A. The answer will be the pounds of con- 
densed skim-milk required to standardize the batch to the re- 
quired ratio. 

(4.) Multiply the pounds of whole milk by the fat test of the 
whole milk. Call the product D. Multiply the pounds of con- 
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densed skim-milk by the fat test of the skim-milk. Call the prod- 
uct E. Add D and E and divide the sum of the two by the ratio 
between the sugar and the fat in the product desired. The an- 
swer will be the pounds of sugar required for the total batch. 
Solution of Problem 22, based upon Formula 20: 


(1.) To calculate the pounds of sweetened condensed skim- 
milk required. 


v=[G-s)" Je (8 


(2.) To calculate the pounds of sugar required. 


12 1) Ibe M 
ve 
Problem 22, Example 23: 
PER CENT 

Products Pounds Fat ; M.S.N. F. Sugar RSs 
Whole milk 10000 3.70 8.40 UND) 
Sweetened 
condensed 1.00 28.00 42.00 71.00 
Skim-milk 
Composition 
desired | 8.00 20.00 44.50 72.50 


Desired ratio of M.S. N. F. to fat is 1 to .40. 
Desired ratio of sugar to fat is 1 to .1798. 


Solution of Problem 22, Example 23, based upon Rule 20: 


(1.) To calculate the percentage of available S.N.F. in the 
condensed skim-milk. 
1.00 .4 = 2.50, per cent of milk S.N.F. required to equal- 
ize the fat in the skim-milk. 
28.00 — 2.50 = 25.5, per cent of milk 8. N. F. available for stand- 
i ardizing. 
(2) To calculate the pounds of milk S. N. F. short. 
3.4 4.= 9.25 per cent of milk §. N. F. required. 
9.25—8.40—.85, per cent of milk S. N. F. short. : 
10000  .0085 = 85, pounds of milk S. N. F. short. 
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(3.) To calculate pounds of condensed skim-milk required. 
85 — .255 = 333, pounds of condensed skim-milk. 


(4.) To calculate the pounds of sugar required. 
10000 & .037 = 370, pounds of fat in whole milk. 
333 X .01= 3.3, pounds of fat in condensed skim-milk. 
370 + 3.3 = 373.3, total pounds of fat in batch. 
373.383.1798 = 2076, pounds of sugar required for total batch. 
333 X 42= 140, pounds of sugar added in condensed skim- 
milk. 
2076 — 140= 1936, pounds of sugar to be added to whole 
milk. 
Solution of Problem 22, Example 23, based upon Formula 20: 


(1.) To calculate the pounds of sweetened condensed skim- 
milk required. 


.0370 
(— — 0840 ) < 10000 
Li = \— 


pen 
40 


== d50i9 


(2.) To calculate the pounds of sugar required. 
(10000 « .0370) + (833.3 x .0100) 

1798 

Proof of Problem 22, Example 23: 


— (333.3 & .42) = 1936. 


POUNDS PER CENT 

Products) Rounds Fat Me a Sugar ASH Fat Re Sugar | T.S. 
Milk....| 10000 | 370 840 1210 3.70} 8.40 
Sweet’d 
Cond. 
Skimmilk 333 3.3 93 140 236 1.00 |28.00 |42.00 |71.00 
Sugar... 1936 1936 1936 100.00}100.00 
Stand- 
ardized 
product..| 12269 | 373.3 938 2076 3382 CROOK OLNLG 22s. 20 


Ratio of M.S. N. F. to fat obtained is 373.3 ~ 933 = .40. 
Ratio of sugar to fat obtained is 373.3 -+ 2076 = .1798. 
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STANDARDIZING SWEETENED CONDENSED MILK BEFORE 
CONDENSING. 


Problem 23: How to Calculate the Pounds of Unsweetened Con- 
densed Skim-milk to Add to Whole Milk. 


Solution of Problem 23, based upon Rule 21: 

(1.) Divide the percentage of fat in the unsweetened con- 
densed skim-milk by the ratio between the 8. N. F. and the fat de- 
sired. Subtract the answer from the 8. N. F. in the unsweetened 
condensed skim-milk. Call the remainder A, or the percentage of 
S.N.F. available for standardizing in the unsweetened condensed 
skim-milk. 

(2.) Divide the percentage of fat in the whole milk by the 
ratio between the §8.N.F. and the fat, in the product desired. 
Call the answer B. Subtract B from the percentage of S.N.F. 
present in the whole milk, and multiply the remainder by the 
pounds of whole milk in the batch. Call the result C. 

(3.) Divide C by A. The result will be the pounds of skim- 
milk required to standardize the batch to the required ratio. 

(4.) Multiply the pounds of whole milk by the fat test of the 
whole milk. Call the product D. Multiply the pounds of un- 
sweetened condensed skim-milk by the fat test of the unsweet- 
ened condensed skim-milk. Call the product E. Add D and E, 
and divide the sum by the ratio between the sugar and the fat in 
the product desired. The answer will be the pounds of sugar re- 
quired for the total batch. 


Solution of Problem 23, based upon Formula 21: 


(1.) To calculate the pounds of unsweetened condensed skim- 
milk required. 


0 [E-)e]-(-9) 


~ 


(2.) To calculate the pounds of sugar required. 


¢ — (PXF) + (Qx@) 
Y 
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Problem 23, Example 24: 


PBR CEN. 

Proddess Bounds Fat M.S.N.F. Sugar T.S. 
MEU ease 6 oc 10000 3.70 8.40 12.10 
Unsweetened 
condensed 
skim-milk.. . .05 29.95 30.00 
Composition 
desired after 
condensing. . 8.00 20.00 44.50 72.50 


Desired ratio of M. 8. N. F. to fat is 1 to .40. 
Desired ratio of sugar to fat is 1 to .1798. 


Solution of Problem 23, Example 24, based upon Rule 21: 


(1.) To calculate the available S.N.F. in the condensed 
skim-milk. 
.05—.4—=.18, per cent of milk S. N. F. required. to equalize 
the fat in the condensed skim-milk. 
29.95 — .13 = 29.82, per cent of milk 8. N. F. available for stand- 
izing. 
(2.) To calculate the pounds of milk S.N. F. short. 
3.0 == 4 925, per cent of milk S.No. required. 


9.25 — 8.40 = .85, per cent of milk S.N.F. short. 
10000 < .0085=85, pounds of milk S. N. F. short. 


(3.) To calculate the pounds of condensed skim-milk re- 
quired. 


85--.2982—285, pounds of condensed skim-milk required. 


(4.) To calculate the pounds of sugar required. 
10000 « .08370 = 370, pounds of fat in the whole milk. 
285 & .0005 = .14, pounds of fat in condensed skim-milk. 
370.14 — .1798 =2059, pounds of sugar required for total batch. 
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Solution of Problem 23, Example 24, based upon Formula 21: 


(1.) To calculate the pounds of unsweetened condensed skim- 


milk required. 
ou 0840) 10000 | 
| “bers x 
2995 — a) 
40 
(2.) To calculate the pounds of sugar required. 
(10000 x .0370) + (285 x .0005) 


9.) 


== 


Ue ==, 059 
1798 
Proof of Problem 23, Example 24: 
POUNDS PER CENT 
Products i ounds Fat Le x Sugar iDease Fat fhe a Sugar | T.S. 
Milks LOOOOR S70 840 1210 3.70 | 8.40 IDE 
Unsweet- | 
ened con- | 
densed 
skim-milk| 285 .14 85 85.14 .0d 129.95 30.00 
Sugar....| 2059 2059 2059 100.00/100.00 
Stand- 
ardized 12344 |870.14 925 2059 3354 3.00 | 7.50 | 16.68/27.10. 
product. .| 


Ratio of M.S. N. F. to fat obtained is 370.15 — 925 = .40. 
Ratio of sugar to fat obtained is 370.15 ~ 2059 = .1798. 


STANDARDIZING SWEETENED CONDENSED MILK BEFORE 
CONDENSING. 


Problem 24: How to Calculate the Pounds of Unsweetened Con- 
densed Whole Milk to Add to Whole Milk. 


Solution of Problem 24, based upon Rule 22: 

(1.) Multiply the pounds of whole milk in the batch by the 
test of the whole milk. Call the answer A. Multiply the pounds 
of condensed whole milk in the batch by the fat test of the con- 
densed whole milk. Call the answer B. Add A to B. Call the 
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sum (©, or the pounds of fat in the mixed batch. Divide © by the 
weight of whole milk and condensed whole milk in the batch. 
Call the answer D or the percentage of fat in the mixed batch. 
Multiply the pounds of whole milk by the percentage of S.N. F. 
in the whole milk. Call the answer E. Multiply the pounds of 
condensed whole milk in the batch by the percentage of S.N.F. 
in the batch. Call the answer F, or the pounds of S. N. F. in the 
condensed whole milk. Add E and F. Call the sum G, or the 
pounds of S.N.F. in the mixed batch. Divide G by the pounds 
of whole milk plus the pounds of condensed whole milk in the 
batch. Call the answer H, or the percentage of S.N.F. in the 
mixed batch. Divide the percentage of fat in the unsweetened 
condensed skim-milk by the ratio between the S. N. F. and the fat 
in the product desired. Call the answer J. Subtract I from the 
percentage of S.N.F. in the unsweetened condensed skim-milk. 
Call the remainder J. 

(2.) Divide the percentage of fat in the mixed batch by the 
ratio between the 8. N. F. and the fat in the product desired. Call 
the answer K. Subtract from K the percentage of 8. N. F. in the 
mixed batch. Call the remainder L. Multiply the total pounds 
of whole milk and condensed whole milk in the batch by L. Call 
the product M, or the pounds of fat short. 

(3.) Divide M by the percentage of S.N.F. available for 
standardizing in the condensed skim-milk. Call answer N, or the 
pounds of condensed skim-milk required. 

(4.) Multiply the total pounds of whole milk and condensed 
whole milk by the average fat test of the mixed batch. Call the 
_ product O. Multiply the pounds of unsweetened condensed 
skim-milk by the fat test of the unsweetened condensed skim-milk. 
Call the product P. Divide the sum of O and P by the ratio be- 
tween the sugar and the fat in the product desired. The answer 
will be the number of pounds of sugar required for the total batch. 


Solution of Problem 24, based upon Rule 22: 


(1.) To calculate the percentage of fat in the mixed batch. 


: (PF) + (DK*) 
iy Pe) 
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(2.) To calculate the percentage of 8.N. F. in the mixed 
batch. 
(ES) ae DS) 
P+D 


(3.) To calculate the pounds of unsweetened condensed skim- 
milk required. 


= [G-e]-0-9 


(4.) To calculate the pounds of sugar required. 


(SiGe) 


NG 
Problem 24, Example 25: 
PER CENT 

Products Pounds Fat M.S. N. F. Sugar Ate Tsk 
IMG, 6 a3 5.5% 10000.0 B60 8.40 i124, 110) 
Condensed 
Whole milk 1000.0 10.00 28.00 38.00 
Condensed P 
Skim-milk... .05 29.95 30.00 
Composition 
desired after 
condensing. . 8.00 20.00 44.50 72.50 


Desired ratio of fat to milk solids not fat is .40 to 1. 
Desired ratio of sugar to fat is .1798. 


Solution of Problem 24, Example 25, based upon Rule 22: 
(1.) To calculate the average test of the mixed milk. 
100000 « .0870 = 370, pounds of fat in whole milk. 
1000 « .10=—100, pounds of fat in condensed whole milk. 
370 + 100= 470, pounds of fat in mixed batch. 
470 + 11000 = 4.27, per cent of fat in mixed batch. 
10000 « .0840=— 840, pounds of 8. N. F. in whole milk. 
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1000 « .28= 280, pounds of S. N. F. in condensed whole 
milk. 
840-+ 280= 1120, pounds of S.N.F. in the mixed batch. 
10000 + 1000 = 11000, total of pounds whole milk and con- 
densed whole milk in the batch. 
1120 11000 = 10.18, per cent of S.N.F. in mixed batch. 


.05 4= .13, per cent milk §. N. F. required to 
equalize the fat in the skim-milk. 
29.95— 18= 29.82, per cent S.N.F. available in the skim- 


milk for standardizing. 
(2.) To calculate the pounds of milk 8.N.F. short. 
4.27 .40—10.68, per cent of milk 8.N.F. required. 
10.68 —10.18=— .50, per cent of milk S.N.F. short. 
10000 « .005 = 50, pounds of milk §. N. F. short. 
(3.) To calculate the pounds of condensed skim-milk required. 
50.2982 = 166, pounds of condensed skim-milk required. 
(4.) To calculate the pounds of sugar required. 
11000 « .0427 = 470, pounds of fat in the mixed batch. 
166 « .0005 = .08, pounds of fat in the condensed skim-milk. 
470 ~— .1798 = 2614, pounds of sugar required for the total 
batch. 


Solution of Problem 24, Example 25, based upon Formula 22: 
(1.) To calculate the percentage of fat in the mixed batch. 
(10000  .087) + (1000 x .10) 
10000 + 100 


(2.) To calculate the percentage of S.N.F. in the mixed 
batch. 


Se = 4,97 


(10000 x .084) + (1000 x .28) 
10000 + 1000 


(3.) -To calculate the pounds of unsweetened condensed skim- 


milk required. 
(a an 1018) , 10000 | 
40 
= 166 


= = 1018 


- 0005 
eres ee 
40 
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(4.) To calculate the pounds of sugar required. 


ee (11000 & .0427) + (166 x .0005 ) — 9614. 
1798 
Proof of Problem 24, Example 25: 
POUNDS PER CENT 

Froducts Fat Ne ni Sugar eos: Fat ne r Sugar iS: 
Milk... ./10000.00) 370.0 | 840.00 11210.0 | 3.70} 8.40 12.10 
Cond. 
whole 
milk...../ 1000.00} 100.0 | 280.00 380.0 |10.00 |28.00 38.00 
Cond. 
skim-milk| 166.0 .08 | 49.72 49.8 . 05 |29.95 30.00 
Sugar... .|2614.0 2614.0 |2614.0 100.00}100.00 
Stand- 
ardized 
product. .|13780.0 |470.08 |1169.72 | 2614.0 |4253 8 | 3.41 | 8 50 |18.96 | 30.87 


Ratio of 8. N. F. to fat obtained is 1 to .40: 
Ratio of sugar to fat obtained is 1 to .1798. 


STANDARDIZING SWEETENED CONDENSED SKIM-MILK 
BEFORE CONDENSING 


Problem 25: How to Calculate the Pounds of Sugar to Use in 
Sweetened Condensed Skim-milk. 


Solution of Problem 25, based upon Rule 23: 


(1.) Multiply the pounds of skim-milk in the batch by the to- 
tal solids test of the skim-milk. Multiply the answer by the ratio 
between the total dmilk solids and the sugar in the product desired. 
The result will be the pounds of sugar to add to the entire batch. 


Solution of Problem 25, based upon Formula 23. 
Usain) ye 
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Problem 25, Example 26: 


Products Pounds M.S. N.F. Sugar ADS 
Skim-milk........ 10000 8.83 8.83 
Composition 
desired spam acyl. 28.00 42.00 70.00 


Desired ratio of milk solids to sugar is 1 to 1.50. 


Solution of Problem 25, Example 26, based upon Rule 23: 


(1.) To calculate the pounds of sugar required. 
10000 « .0883 = 883, pounds of milk solids in the skim-milk. 
883 < 1.50 = 1325, pounds of sugar to use. 
Condense the batch sufficiently high to provide the proper fac- 
tor of safety. 


Solution of Problem 25, Example 26, based upon Formula 23: 
U = (10000 « .0883)) K 1.5 = 1325 


Proof of Problem 25, Example 26: 


POUNDS \ eee 
Produces M.S.N.F| Sugar | 7.S. |M.S.N.F.| Sugar | TS. 
Sammecnllie, po oo anwar 10000 883 883 8.83 8.83 
SUGAR 2 sara cae 1325 1325 1825 100.00 |100.00 
Sa Oe Sees 113825 883 1325 2208 7.3¢ | 16.42 | 23.79 


Condense the batch high enough to provide the proper factor 
of safety. 


TABLES FOR ASCERTAINING SUGAR REQUIRED. 


The quantity of sugar to use for any corresponding weight of 
T.S. when manufacturing sweetened condensed skim-milk, can be 
ascertained from tables compiled for any composition desired, and 
for any quantity range necessary. The use of such tables helps 
to prevent errors, and it saves calculations. It makes it neces- 
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sary in practice simply to ascertain the pounds of total solids in 
the batch, and then by reference to the table, to obtain the weight 
of sugar to produce a product of the composition desired. 

In Problem 25, Example 26, the product is to have a composi- 
tion of 28.00 per cent total milk solids and 42.00 per cent sugar, o1 
in the ratio 1 part T. M.S. to 1.5 parts sugar. This is the composi- 
tion desired in the case of nearly all sweetened condensed skim- 
milk manufactured in the United States. In view of the fact that 
the above ratio is so simple, but little time, if any, could be saved 
by compiling tables for this composition. For any who might de- 
sire to compile a table either for a product of the above composi- 
tion, or of any composition desired, specimen Table 43 has been 
prepared. 


TABLE 43. 
Ratios between pounds of total milk solids in the batch, and pounds of 
sugar required, to make sweetened condensed skim-milk testing 28.00 per cent 
total milk solids, 42.00 per cent sugar, and 70 per cent total solids. 


Pounds| Pounds ||Pounds} Pounds ||Pounds}| Pounds ||Pounds | Pounds ||Pounds| Pounds 
T.M.S.| Sugar ||T.M.S.| Sugar ||T.M.S Sugar |/T.M.S. Sugar ||T. Sugar 


100 150 250 375 500 750 1000 | 1500 || 2500} 38750 


101 | 152 251 377 501 752 1001 1502 || 2501) 3752 


102 155 252 378 502 753 1002 | 1503 |} 2502] 3753 


103 155 253 380 503 755 1003 | 1505 || 2503] 3755 


104 156 254 381 504 756 1004 | 1506 || 2504 | 3756 


105 158 255 383 505 758 1005 | 1508 || 2505 | 3758 


106 159 256 384 506 759 1006 | 1509 |} 2506] 3759 


107 161 257 386 507 761 LOOT | Lot 2507 e376 


108 162 258 387 508 762 1008 | 1512 |} 2508) 3762 


109 164 259 389 509 764 1009 | 1514 || 2509! 3764 


CHAPTER XIII 


THE COMPOSITION AND STANDARDIZATION 
OF ICE CREAM MIXES 


SUGGESTED COMPOSITIONS OF VARIOUS ICE CREAM MIXES. 


It is possible to compound satisfactory ice cream mixes 
varying widely in composition, and there is probably no other 
dairy product that shows such large variations in composition 
both in the same and in the different localities, and even in the 
product of any single manufacturer where no attempt is made 
at exact chemical control. This is so because the ingredients 
used in making up an ice cream mix are so different in character 
and each fluctuates so much in composition. Again, it is some- 
times desirable to manufacture more than one quality of ice 
cream. Table 43 gives the composition of thirteen different ice 
cream mixes. The proper composition can be selected from the 
list to meet the needs of manufacturers in all localities. Ice cream 
of these several compositions is now manufactured in many 
different localities, and all have given satisfactory products. 


THE PHYSICAL AND CHEMICAL PROPERTIES OF VARIOUS 
ICE CREAM MIXES. 


The physical and chemical properties of nine of the most com- 
mon composition of ice cream mix are given in Table 44. Unless 
otherwise indicated, the values named are based upon actual 
determinations. One batch of mix corresponding to each composi- 
tion named, was carefully compounded and in turn these were 
used to make the various determinations. The raw materials 
used to compound these mixes consisted of cream testing 36.00 
per cent of fat, superheated bulk condensed whole milk testing 
8.00 per cent of fat, sugar and gelatin. 


[ 283 ] 
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TABLE 434A. 
Suggested Compositions of Ice Cream Mixes. 


PER CENT 
No. of Mix 

Fat ss Sugar Gelatin Tass 

1 8.00 11.50 13.00 .50 33.00 
2 8.00 12.50 13.00 .50 34.00 
3 8.50 12.00 13.00 .50 34.00 
4 9.00 11.50 13.00 .50 34.00 
5 10.00 10.50 14.00 50 35.00 
5A 11.00 10.50 14.00 .50 36.00 
6 12.00 8.50 14.00 .50 35.00 
7 12.00 9.50 14.00 50 36.00 
7X 13.00 8.50 14.00 50 36.00 
7B 14.00 9.50 14.00 50 38.00 
_7C 15.00 8.50 14.00 50 38.00 
8 16.00 EW 14.00 50 38.00 
9 18.00 7.50 14.00 50 40.00 


Composition Ratios. In standardizing ice cream mix it is 
usually necessary to know the ratio between the fat and the 
M.S. N. F., or that between the fat and the T. 8. Both of these 
ratios are given for each of the nine compositions of mix. Ob- 
viously, there is quite a variation in these several ratios. 

Viscosity. This was determined by means of the Mojonnier- 
Doolittle viscosimeter described in Chapter XVII. The viscosity 
was determined at various temperatures immediately after pre- 
paring at 40° F., after aging 24, 48, and 72 hours each respec- 
tively. The results of this experiment prove: (1) The viscosity 
of all mixes regardless of composition, increases as the holding 
temperature decreases. (2) Viscosity in the case of freshly pre- 
pared mix is the same at equal temperatures, regardless of 
composition when compounded from the same produets. (8) 
Viscosity increases with the age of the mix. The increase with 
age is much greater in the case of ice cream mix high in milk 
solds not fat. This is no doubt largely due to the action of the 
acid that develops during aging, upon the casein and albumin 
contained in the mix. The gelatin content of the mix may also 
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exert a large influence upon its viscosity. The quality and quan- 
tity of the gelatin used determines largely the extent of its effect 
upon the viscosity of the mix. 

Titratable Acidity. This was usually higher both immediately 
after preparing, and also after aging, in the case of all mixes, 
containing the higher percentage of milk solids not fat. There 
is a close correlation between titratable acidity and viscosity. 

The percentage of titratable acidity in fresh ice cream mix is 
dependent upon the quantity of acid contained in the raw mater- 
ials used, and it is derived chiefly from the milk solids not fat in 
the raw materials. 

There is no general agreement as to what constitutes the most 
desirable percentage of acidity in ice cream mix at the time of 
freezing. Tracy* concluded from his experiments that standard- 
izing the mix to .20 per cent, using sodium bicarbonate, produced 
the best flavored ice cream. A mix containing 12.00 per cent of 
milk solids not fat made from whole milk testing .16 per cent of 
titratible acidity and containing 8.60 per cent of milk solids not 
fat and from sweet butter without acid should test after con- 
densing about .23 per cent of titratable acidity. Controlling the 
acid content of the mix between close limits would no doubt 
favorably influence the uniformity of the flavor. The higher the 
content of milk solids not fat in the mix, the higher will be the 
titratable acidity in the same, when the same raw products are 
used. ‘ 
Specific Gravity. This value increases as the temperature 
decreases, regardless of composition. Changes in composition are 
immediately reflected in the specific gravity. Obviously the 
higher the fat content the lower the specific gravity for any given 
percentage of S. N. F. 

Weight per U. S. Gallon of Mix. This is based upon the 
specific gravity determinations at the various temperatures, com- 
pared with water weighing 8.34 pounds per U.S. gallon. 

Weight per U. S. Gallon of Ice Cream. The weight of one 
gallon of mix at 40° F. was taken as unity. The weight of one 
gallon of ice cream at various percentages of overrun was calcu- 
lated from the above unit basis. The results in Table 44 indicate 
the differences in the weight of ice cream of various compositions, 


at the same overrun, 
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Available Heat of Combustion. This is given upon the basis 
both of one pound of mix, and of one U. 8S. gallon of ice cream 
at 100 and at 80 per cent of overrun, respectively expressed as 
calories and as B. T. U. The factors given by Richmond’ were 
used. These were based upon the combustion of the three con- 
stituents in the human body, and take into consideration that 
portion of the protein which is not combusted, but which is 
voided in the form of urea. The gelatin was added to the milk 
proteins. The factors are as follows :— 

Available heat of combustion one kilogram butter fat—9.230 
Calories. 

Available heat of combustion one kilogram milk sugar=3.950 
Calories. 

Available heat of combustion one kilogram cane sugar=3.955 
Calories. 

Availiable heat of combustion one kilogram protein=4.970 
Calories. 

Specific Heat. This was calculated from the values given by 
Hammer & Johnson.? The calculations were all made upon the 
basis of a temperature of zero degrees F., using the following 
formula :— 


Per cent fat 100—per cent fat 
i = A45 
Specific Heat ( 100 ) a ( 100 ) .940 


It was assumed in these calculations that the specific heat of 
the cane sugar added to the mix, was the same as the specific heat 
of milk serum. 


Freezing Point. The freezing points were determined by the 
depression method using a Beckman thermometer. This value 
showed comparatively little fluctuation. The largest part of the 
depression is caused by the milk sugar and the cane sugar that 
are in the solution. A solution containing 6.00 per cent milk 
sugar and 14.00 per cent cane sugar was found to have a freezing 
point of 29.38° F. 

Calculated upon the basis of the water content only, the sum 
of the percentages of milk sugar and the cane sugar is proportion- 
ately larger than in ice cream mix. Mix No. 1 contains a total 
of about 19.21 per cent of milk sugar and cane sugar. Calculated 
upon a water content of 67.00 per cent this is equivalent to a 
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concentration of 22.25 per cent, based upon the water content 
only, or 28.67 parts of the two sugars per 100 parts of water. 


Heat Units Required to Melt Ice Cream. The feeling of cold- 
ness experienced in eating ice cream is due to the heat units that 
are absorbed in the mouth due to the melting of the ice cream. 
This is the sum of the normal heat and the latent heat. The eal- 
culation is shown in the case of ice cream containing 100 per cent 
overrun, and therefore weighing 4.60 lbs. per U. S. gallon, raised 
in temperature from 20° F. to 60° F. The method of calculation 
used is illustrated in the case of ice cream mix No. 1 as follows :— 


Normal heat=—(4.60.900) x 40=165.6 B. T. U. 
Latent heat=— (4.60 .6700) x 144—443.8 B. T.U. 


MOL cera ek ee we sins eg == O00 4 Dale Ue 


These values in this table explain why the feeling of coldness 
varies with different ice creams. Ice cream made from mix No. 9 
will feel about 12.00 per cent warmer to the tongue than ice 
cream made from mix No. 1. 

Nutritive Ratios. These are expressed from the standpoints 
of both, composition in the ratio:—fat : sugar : protein; and 
available heat units in the ratio:—protein : (fat+sugar). 

It is most significant that it is possible to compound a high 
quality of ice cream mix in which the various constituents are in 
very nearly the right proportions to best stimulate growth and 
sustain life. Extremes in composition do not produce this favor- 
able result. 

For children, ice cream testing 10.00 per cent fat; 10.50 per 
cent milk solids not fat; 14.00 per cent sugar and .50 per cent 
gelatin ;—totaling 35.00 per cent total solids, most nearly ap- 
proaches the theoretical requirements of a properly balanced 
ration. For adults ice cream testing 8.00 per cent fat; 12.50 per 
cent milk solids not fat; 13.00 per cent sugar, and .50 per cent 
gelatin,—totaling 34.00 per cent total solids, approaches very 
closely the theoretical requirements. 

The above ratios apply only when ice cream is consumed alone. 
It is very frequently consumed as a dessert, in which case its 
nutritive value influences the balance of the diet. The questions 
of flavor and palatability also exert an important influence upon 
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TABLE 44. 
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PHYSICAL AND CHEMICAL PROPERTIES 


TABLE 44 (Continued). 
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this problem. Ice creams rich in butter fat are preferred by 
many because of their different palatability as compared with 
those low in fat. Likewise the relative vitamine content is a 
very important factor. As yet no exact methods have been 
elaborated for measuring these constituents, but in all proba- 
bility the most favorable vitamine content exists in creams that 
approach in composition the theoretical nutritive ratios. Ice 
cream of this composition is rich in both fat soluble A and water 
soluble B, but lke whole milk itself, it is deficient in water 
soluble C vitamin. 


RELATIVE COMMERCIAL MERIT OF ICE CREAM MIX OF 
VARIOUS COMPOSITIONS. 


From a commercial standpoint, the composition of the ice 
cream mix is an extremely important factor. First in importance 
is the influence of composition in stimulating consumption and 
creating demand. Second, the factor of cost per gallon as influ- 
enced by composition. Increase in fat content and unit cost, 
practically parallel each other. The manufacturer must deter- 
mine what composition will best stimulate demand, at the same 
time giving due regard to costs. Frequently the manufacturer 
is limited to a range of composition that is arbitrarily determined, 
either or both, by legal standards or by competitive trade 
standards. The unit cost per gallon of ice cream is of more 
interest to the manufacturer than the unit cost of the mix itself. 
The unit cost of the ice cream is determined very largely by the 
overrun. Ice cream made from mix of low composition is not 
satisfactory if the overrun is too high. Within reasonable limits 
the best ice cream is obtained when prepared from mix of high 
quality, accompanied by a liberal overrun. The improvement in 
the quality is obtained at practically no increase in cost. Finally 
there is the great influence of composition upon manufacturing 
operations with particular reference to its effect upon the over- 
run. This will be discussed further in Chapter XV. 

Table 45 gives detailed information upon the above dis. 
cussion in the case of ice cream mixes of nine different composi- 
tions. The cost figures as given are purely arbitrary, and 
obviously would fluctuate with market changes in the ease of the 
products involved. 


Zl 


RELATIVE ComMERCIAL Merit 


TABLE 45. 
Commercial Factors as Influenced by Composition of Ice Cream Mix. 
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FUNCTIONS OF THE VARIOUS CONSTITUENTS OF ICE 
CREAM MIX. 


Each constituent of ice cream plays an important part in 
determining the quality of the finished product. Briefly these are 
as follows: 

(1) Fat—The butter fat determines to a large extent the 
flavor and the palatability of the product. It is rich in vitamines 
and in heat units. The food value is rated largely by the fat 
content. 

(2). Milk Solids Not Fat—The role played by the milk 
solids not fat is not sufficiently appreciated. Too high milk solids 
not fat may cause sandy ice cream, due to the presence of 
excessive milk sugar. Too low, may render it very difficult to 
obtain satisfactory overrun. The casein and albumin exert the 
largest influence upon the overrun. The milk solids not fat also 
largely influence the nutritive value of the ice cream, due to 
their bone and muscle forming ingredients, present in the salts 
and protein respectively. These are also rich in water soluble B 
vitamines, and to a lesser extent in the water soluble C. It is 
most important to pay close attention to the content of milk 
solids not fat. 

(3). Sugar.—While the sugar added is obviously for the 
purpose of sweetening the product, and thus increasing its 
palatability, it also possesses high food value. It is the one 
constituent that exerts the most influence upon the freezing point 
of the ice cream. Pure solutions of cane sugar of different con- 
centrations were found to have the following freezing points :— 

10.00 per cent, 30.87° F.; 12.00 per cent, 30.64° F.; 14.00 per 
cent, 30.38° F., and 16.00 per cent, 30.11° F. Based upon the 
water content only, of the ice cream mix, the concentration is 
ereatly in excess of these figures. 

(4) Gelatin—Gelatin is a colloid, or a non-erystallizable 
substance. Its presence in ice cream helps to prevent the erystal- 
loids from separating in the form of large crystals. The prin- 
cipal crystalloids are the milk and cane sugars and the water. 
In ice cream mix of the proper composition the crystallization of 
the two sugars is not likely to be a troublesome factor. Water 
erystals are however always a factor of great importance as in- 
fluencing the smoothness to the taste of the finished product. One 
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of the chief functions of gelatin in ice cream, is its influence 
upon the water crystals. The gelatin retards the formation of 
water crystals, and helps to produce small water crystals, thus 
making a product more smooth to the taste than otherwise 
possible. 


Relation of Gelatin to Viscosity— Gelatin has a large influence 
upon the viscosity of ice cream mix. This influence does not 
manifest itself until several hours after the mix has been kept at 
a low temperature. This is owing to the fact that the hydration 
of the gelatin is a slow process, and that many hours are required 
to complete the ‘‘setting.’’ This is probably the principal ad- 
vantage gained by aging ice cream mix. In turn the increased 
viscosity produced by aging is a large factor in helping both to 
obtain and to retain the overrun in the ice cream itself. 


The ability of gelatin to increase the viscosity of water solu- 
tions is largely influenced by the quality of the gelatin. Admitted 
that all edible gelatins are made from fresh, clean stock, there 
still exists a wide difference in the viscosity of water solutions 
of equal strength all prepared from edible gelatin of high com- 
mercial quality. It has not been demonstrated if this difference 
is due to the difference in the original raw materials from which 
the gelatin was made, or to the destruction during manufacturing 
processes, or by other causes, of the jellying power, or viscosity 
producing power of the gelatin. 

From a number of samples of edible gelatin, three samples 
were selected that were termed good, medium and poor respec- 
tively. Water solutions of different concentrations were pre- 
pared from each of the samples, and the viscosity of each solution 
was determined, after holding them in ice water for twenty-four 
hours, by means of the Mojonnier-Doolittle viscosimeter as de- 
scribed in Chapter XVII. The results are given in Table 46. 


The results in the following table show plainly the large 
influence of the quality of the gelatin upon viscosity. It explains 
why varying results are obtained in practice, when using equal 
amounts of different gelatins in which the quality varies. 


Relation of Gelatin to Incorporation of Air.—The ability of 
gelatin solutions to incorporate and hold air is best demonstrated 
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by the Frohring gelatin air test. This test is described in 
Chapter XVII. 

TABLE 46. 
Influence of Gelatin Varying in Quality Upon the Viscosity of Water Solutions. 


Viscosity expressed in degrees retardation at end 
Percentage of 24 hours 50°F ; : 
gelatin. Good quality Medium quality Poor quality 
gelatin, gelatin. gelatin. 
Water only. 6 3.6 
No gelatin. 3.6 a 
10 7.0 6.0 6.0 
25 7.0 6.0 6.0 
.50 8.5 8.0 7.0 
.60 14.0 9.0 veo 
75 235.0 9.0 1D 
Too viscous to de- | 
1.00 termine viscosity 47.0 8.0 
1.50 Too viscous to de- Too viscous to de- 
y termine viscosity termine viscosity 42.0 
by above method. by above method. 


Table 47 gives the results of several experiments that had 
for their object the determination of the volume of air that can be 
incorporated in different concentrations of gelatin solutions. The 
results show a marked difference between the different samples. 
The ability to hold air increases up to a concentration of about 
.60 per cent, after which it increases with increasing concentration. 
When a concentration ranging from one to two per cent is reached 
the mixture will no longer retain any air. Inthe sample treated 
with the liquefying organism B. proteus there was a marked 
reduction in the air retaining properties of the mixture. 


Other Influences of Gelatin.—Gelatin constitutes an important 
addition to the food value of ice cream. Bogue points out that 
it functions as a true food, but that it is not a complete food 
nor is it the equivalent in food value of the casein and albumin. 
It is incapable of supplying more than one third or one half of the 
nitrogenous matter required in the diet. It helps to preserve the 
nitrogenous constituents of the body; is easily digested, and is 
readily burned in the production of energy. Gelatin functions 
as a protective colloid, and prevents the coagulation of the casein 
in large lumps, thus aiding digestion and assimilation of all the 
constituents of the ice cream even in the case of the very young. 
From a dietary standpoint the presence of Eecd gelatin in ice 
cream is very beneficial. 
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Arr HELD IN GELATIN SOLUTIONS 


TABLE 47, 
Air Whipped Into Various Gelatin Solutions of Different Concentrations. 
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SOURCES OF SUPPLY OF INGREDIENTS MAKING UP ICE 
CREAM MIX. 


The ingredients composing ice cream mix are obtainable from 
a variety of different sources. The sources of supply of each 
ingredient are as follows :— 


(1). Fat—This is present in all dairy products used for 
making ice cream. These include whole milk, skim-milk, cream, 
butter, sweetened condensed milk both whole and skim, plain 
bulk condensed milk, both whole and skim, evaporated milk and 
whole and skim-milk powders. Obviously in the above products 
that have been skimmed the percentage of fat is small, but in 
nearly all cases enough still remains to be taken into account. 


(2). Milk Solids Not Fat.—The sources of supply for M. 8. 
N. F. are the same as in the case of fat. The selection of 
material to use is governed by local conditions, market prices, 
and quality available. If the materials used are of the proper 
quality, and are properly handled, the M. 8. N. F. from the 
several sources mentioned will yield equally satisfactory ice 
eream. Products in which the milk sugar has erystallized out, 
should be so handled that the milk sugar will all pass into solu- 
tion before freezing the mix. If this is not done, sandy ice cream 
is very likely to result. . 

Tracy® compared superheated against unsuperheated con- 
densed skim-milk, in the manufacture of ice cream. The super- 
heated product increased the viscosity of the mix, and improved 
the bedy, texture and resistance of the ice cream. It also helped 
to increase the overrun. The flavor was not as good in the ice 
cream where the superheated product was used. 


(3). Sugar.—Hither cane or beet sugar, both known as 
sucrose can be used to equally good advantage. When sucrose is 
not available, malt sugar, or corn sugar may be substituted to the 
extent. of about 25 per cent to 40 per cent of the normal sugar 
or sucrose requirements. 


The common belief that the sweetening power of sucrose can 
be increased by inverting it by means of a weak acid solution has 
been discredited by the researches of Sale and Skinner.* ‘‘When 
342.236 (molecular weight) units of sucrose or ordinary sugar 
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are inverted, 180.126 units of dextrose and 180.126 units of levu- 
lose are obtained theoretically. The mixture of dextrose and 
levulose is known as ‘‘invert sugar.’’ Their experiments show 
‘that if sucrose is assigned sweetening value of 100, the sweet- 
ening value of invert sugar is only 85. Since 100 units of sucrose 
by inversion become 105 units of invert sugar the net loss in 
sweetening power by the inversion of 100 units of sucrose is 
about 11 units.”’ 


According to previous experiments in the same laboratory, 
and also according to the investigations of Paul upon the sweet- 
ening power of lactose cited by the above authors the comparisons 
of the relative sweetening qualities of various common sugars are 
as follows: Sucrose=100, dextrose=50; levulose=150; maltose 
=60; and lactose=—28. 

Upon the other hand Dahle** states that invert sugar has 
higher sweetening power than sucrose, and cites the relative 
sweetness of different sugars as determined by the Home Kco- 
nomics Division, University of Minnesota as follows: Sucrose = 
100; invert = 120; dextrose = 70; levulose = 164; Maltose = 
30; and lactose = 15. According to these results invert sugar is 
about 23.20 per cent sweeter than an equal weight of sucrose. 
It is evident that in this case, investigators are not agreed. 


(4) Gelatin—Only gelatin prepared especially for food pur- 
poses should be used, and this should be free from all injurious 
chemicals. According to Cromley,® ‘‘a good gelatin is one that 
solidifies in the shortest space of time; has a low percentage of 
ash, a clean inoffensive odor; makes a clear solution, and is with- 
out chemical or physical impurities.’’ 

The water content of the gelatin should be determined as this 
will influence its commercial value. The usual range is between 
ten and fifteen per cent. 


(5) Miscellaneous Products.—Starch and eggs are sometimes 
used ds fillers. These perceptibly increase the total solids of the 
mix. Their use is limited to special ice creams. It is products of 
this kind that make ice cream stand up in the dish after serving. 
Gum tragacanth is frequently substituted for gelatin, and func- 
tions the same as gelatin. Several commercial products commonly 
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TABLE 48. 
Name and Description of Flavors, Fiuits and Nuts Used in Ice Cream. 
Also Sherbet Base. 


= Ether 
Soluble | Cane Fruit | Total 
Nee PD Oe ea Oe Constit-| Sugar | Sugars | Solids 
uents 
Cocoa Syrup * and 7. Formula; 2 lbs.) Per Per Per Per 


sugar; 1/4 lbs. cocoa; 1 quart water, and} Cent Cent Cent Cent 
yy oz. cinnamon extract. Thoroughly 
mix the cocoa and sugar. Add the water; 
heat to 175° F. and hold for 20 minutes 
with constant stirring. Do not allow 
to boil. When cool add Y¥ oz. cinnamon 
extract. The above is sufficient for 5 
gallons of ice cream mix, or 10 gallons of 
COLCTEAIN Noles heyiv. wyseicn ete ee eet es 7.16 SAU los coon he 61.50 


Cocoa Syrup’. Formula ?: 1 lb. sugar; 
34 lb. cocoa, and 1 quart water. Prepare 
and use the same as above.............. Ona DOn204| Gechatene 45.18 

Cocoa Syrup’. Formula’: 2 lbs. sugar; 
1 lb. cocoa, and 1 quart of water. Pre- 
pare and use the same as above......... Seoe AUER a| Peng y soe 58.65 

Chocolate Syrup’. Formula: 1 lb. bit- 
ter chocolate; 1 lb. sugar; 1 quart water, 
and 14 oz. cinnamon extract. Heat one 
pint of water to boiling; add the shredded 
chocolate, and stir until a pasty con- 
sistency 1s reached. Now add second 
pint of water, and heat until it simmers, 
stirring constantly. When cool add % 
oz. cinnamon. The above makes enough 
syrup for 10 gallons of ice cream......... 14.64 Px Ug fohl |S 58 sac ANG 52.73 

Caramels.) Uh agora ue ton ee ae eee 5.22 PEO. Peace 82.07 

Sherbet Base’. Recommended for use 
upon Mojonnier Ice Cream Packaging 
Machine. Formula: 30 Ibs. sugar; 18 
ozs. of a 50 per cent solution of citric acid; 
9 ozs. gelatin; 10 ozs. color; 2 gals. con. 
densed skim-milk containing 25.5 per cent 
total solids; and 64% gallons water. In 
case condensed skim-milk is not avail- 
able, equally satisfactory results are 
obtained by making the following sub- 
stitutions in the above formula:—(1) 4 
gallons of whole milk and 41% gallons of 
water, or (2) 5 gallons of skim-milk and 3 
gallons of water. The above quantity 
makes up 10 gallons which should be 
frozen to yield 16 gallons of product, or 60 
per cent of overrun. The above can be 
used as a base to which any desired flavor 
can be added. When fresh fruits are 
used omit enough water to bring the total 
volume up to 10 gallons. Mix all above ; 
products together cold, oe the citric 
acid just before freezing. . ; .80 28.75 34.15 
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TABLE 48 (Continued). 
Ether 
NAME AND DESCRIPTION OF Soluble | Cane Fruit | Total 
PRODUCTS Constit-| Sugar | Sugars | Solids 
uents 
Per Per Per Per 
Cent Cent Cent Cent 
Apples’, average 29 analyses.............. ROOMS eee r< te) fereewn tae 15.40 
Apricots®, average 11 analyses............ SO Neer ze eh cage ee 15.00 
Bananas, average 6 analyses............. AGO), | hers. Ponca away a 24.70 
Blackberries’, average 9 analyses......... IISOLO,) ul iiiney oe Sell ae A 13.70 
Cherries?, edible portion, average 16 analy- 

FSLEsS ha dist: Sey einate Omar aeseer chit See emer ean tr a SLUG, Hicketonsh eel Ruse 19.10 
@herries®pmaraschinos nie rae Coleen te .26 .68 19.72 | 33.08 
Cranberries’, average 3 analyses.......... OOM A laren Al Aeocg crete: 11.10 
Cunrantsteaverage tanalysisys.. we ele iene ince oe 15.00 
igsieavierare Samal Ses ier. es.1issitrs ser leery ies aeeseratllia ond sees 20.90 
Figs’, dried average 3 analyses............ oO hetero oe ere ioe 81.20 
Grapes?, edible portion, average 5 ee LC Qo nip arnt sae | Rede re eh ok 22.60 
Grapes®, dried, average 1 analysis.. 2O0/Me ee aaa F 65.20 
Huckleberries’, average 1 analysis........ OU) gill ese ene) hee Be 18.10 
Lemons’, edible portion, average 4 analyses OP Nee meen coccinea 10.70 
Muskmelons’, edible portion, average 1 

DALY SIS Me ene Reema en tae Ron mre Camm lney lint ieans el aa. <icllfees eh eas. 10.50 
Oranges®, edible portion, average 23 analy- 

BOB aan totes atine tole ie systeretenetesd ee vaese jevorelyeverarehie-9 BZA) sal Bea teal Mian a Acar 13:10 
Peaches’, edible portion, average 2 analyses SLOWEY excteey a eee eee 10.60 
Peaches’, CETENAYe\6 Leapeelceatons Citas cation mM arcenes age nea es ceo sere ee 9.35 
Pears’, edible portion, average 2 analyses. . iC) sa eee <cnge es eee eaa 15.60 
Pineapple®, edible’ portion, average 1 

AUG VSS Me gemthe ite nae oR reels cy Ole Ml Shes le erate lei ae 10.70 
Pineapple’, preserve, red, average 1 analy- 

BIS Mere meet nike Sarat ce ne cae er, Geer ae es .16 19.73 | 33.14 | 60.34 
Pineapple’, preserve, white, average 1 

IVA SIS 5 We eases Nets etieeec a teen yaa nei de .23 18.18 41.40 58.29 
Prunes?, edible portion, average 20 analyses]........|........]........ 24.40 
Raspberries’, black, average 3 analyses. . OOM Measteeteene meron 15.90 
Strawberries®, edible portion, average 20 

AMALVSES ee eis oe eo ire as AGU Geir eersceel loons. fe 9.60 
StLawDerhyaleleservie aufencern: acre tare ar 41 81.65 | 17.82 | 57.51 
Strawberries, cold packed’................ Biba Mate tvacsn sn |osci, see ea 24.02 
Bitrer,Chocolatedvgas tt. are cere: CEN AN deeett ae lee oka chee 98.61 
/bewvallarcny (Clore e sn oocten astm Siew oo on oes PARK Wika aps Seal eae onitie 96.01 
\MAWDNIEY I Bp gore C Es Flick cicreaey ce eee Bias cub ety Miia Gort eat iced Ned Pio ins al op aeityoac 9.07 
(Gelatin Sena ne eee Reet nl inl ah iy eran hon tats ccdlidimea is 86.08 
English Walnuts, average 2 al oa GORA OW \saneretae: lore ener 97 .50 
English Walnuts’, average 2 analyses. .| 64.22 ane Raa tenes 96.31 
Pecans®, edible portion ere tre entree GOD O} glee teh (cater 97.80 
Pecans’, Sail enpontilonemere irik ck or GEIGS Se ceeetealet reteset. 98.35 
Sajo Starch®, as purchased..........-..60..[esee eee [ee reer e clone neces 87.80 
Eggs®, hens, edible portion, average 19 - 

BAUR GaN p) og Meee otciens 49 ae kas See ai Se ee iter ce eneae “en 
Sa ani dars ears ee egal en ee 50.50 
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known by the general term ‘‘ice cream improvers’”’ are in com- 
mon use. These consist of rennet or pepsin mixed with certain 
powders such as milk sugar. These products react upon the 
casein in the mix, causing an increase in the viscosity. They 
need to be used with care, and their action should be fully under- 
stood. In addition to the above products there is a large quan- 
tity of fruits and flavors used in making ice cream. The compo- 
sition of a few of the most important of these substances to- 
gether with a brief description of each is given in Table 48. 
The list includes one sherbet formula that will yield a fine product 
for use in connection with ice cream upon the Mojonnier Ice 
Cream Packaging Machine wherein the ice cream is packaged 
directly from the freezer into the carton, while still in the plastic 
condition, and then in turn hardened in the carton. 


THE RELATION OF COMPOSITION TO ICE CREAM DEFECTS. 


Many defects in ice cream attributed to other causes are due 
to defects in composition. 


(1) Fat.—Too low a content of fat sacrifices both the pala- 
tability and the food value of the ice cream. Too high fat pro- 
duces an ice cream that is difficult to assimilate, because of its 
large content of heat units. This is more objectionable in sum- 
mer than in winter. The outside ranges for good commercial 
ice cream are from 8.00 per cent to 14.00 per cent of fat. Above 
14.00 per cent the ice cream enters a special class commonly 
called French ice cream. 


(2) Milk Solids Not Fat—Improper control of the milk 
solids not fat is responsible for many ice cream defects. The 
ability both to obtain and retain overrun in ice cream depends 
largely upon its content of casein and albumin. The minimum 
should be not under 4.00 per cent of total protein. The reader 
is referred to Chapter XV for further discussion of this problem. 


Sandy Ice Cream, Cause and Prevention.—The content of milk 
solids not fat has a direct bearing upon the defect commonly 
known by the term ‘‘sandy ice cream.’’ <A careful investigation 
of this subject was made by one of the authors” and several as- 
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sistants. In the course of these investigations several papers 
have appeared upon this subject namely: by Bothell,” Zoller 
and Williams 1 and Williams". 


Sandiness in ice cream is readily detected by the consumer. 
It ranks as the worst of all the common ice cream defects, and 
it is responsible for large losses among ice cream manufacturers. 
Its occurrence is well night universal. It is caused by the milk 
sugar which is only about one fourth as sweet as sucrose and 
comparatively insoluble in the mix, particularly at the reduced 
temperatures used in making and holding ice cream. 


Milk sugar crystallizes in keystone shaped crystals, that are 
described by P. Groth” as: 


Monoclinic-sphenoidal. Cleavage in three directions nearly at 
right angles. Refractive indices, a=1.517; B=1.542;—=Y 1.550 
+0.005 Bx* c=10°, a=99°. 2H=3314°. Sign—, sp. gr. 1.525 
—1.534. 


The sharp corners of the milk sugar crystals stick to the 
tongue giving the sensation of eating sand, from which the defect 
derives its name. The name is, however, slightly a misnomer, 
since milk sugar dissolves slowly in unsaturated water solutions 
while sand is insoluble, and the crystals crumble fairly readily 
under the pressure of the tongue or the teeth, which would not 
be true in the case of sand. 


Conditions That May Cause Sandy Ice Cream.—There are two 
general conditions under which sandy ice cream can be pro- 


dueed. 


(1) By using products containing crystallized milk sugar re- 
gardless of the composition of the mix, when the mix is not pas- 
teurized. Such products include sweetened condensed milk, both 
whole and skim, and sometimes also plain bulk condensed milk 
both whole and skim. To produce sandy ice cream under these 
conditions, the ingredients composing the mix must be mixed 
cold, and frozen before the milk sugar has had sufficient time to 


go into solution. If the mix is standardized to the proper com- 
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position and it is then pasteurized before freezing, there can be 
no danger of producing sandy ice cream when using products con- 
taining crystallized milk sugar. 


When sandiness is due to the use of products containing 
crystallized milk sugar, the sandy condition can be detected as 
soon as the ice cream is drawn from the freezer. If the mix was 
of the proper composition, the sandiness will not increase while 
hardening, since only the milk sugar that was actually crystal- 
lized before freezing will appear as sand. This cannot go into 
solution after freezing. 


(2) By using a mix of improper composition, regardless of 
the products used, and also regardless of whether or not the mix 
has been pasteurized. In this case, the sandiness will not appear 
until the ice cream has stood in the hardening room long enough 
for the milk sugar to crystallize out. 


Experimental Evidence—A number of careful experiments 
were conducted, and these are reported herewith. 


(A) Influence of size of crystals and temperature upon the 
solubility of milk sugar crystals. 


(1) One lot of ice cream mix testing 18°50 per cent milk 
solids not fat and 40.00 per cent total solids was prepared by 
using a smooth sweetened condensed milk containing small milk 
sugar crystals as the source of the milk solids not fat. This was 
heated rapidly with constant agitation, taking 10 minutes to 
reach 140 deg. F. It required one minute to dissolve the milk 
sugar crystals. 


(2) Another lot of ice cream mix was prepared and handled 
the same as above, excepting that in this case, coarse, sweetened 
condensed milk containing large milk sugar erystals was used. 
It required three minutes to dissolve the milk sugar. 


(3) In a third experiment, a 5 per cent mixture of water 
and both fine and coarse milk sugar crystals were prepared. The 
solubility of the two sizes of crystals in water at different tem- 
peratures was carefully noted. The results are given in Table 49. 
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TABLE 49. 


Influence of Temperature and of Size of Crystals Upon Solubility of Milk 
Sugar Crystals. 


Temperature Time required 
Sample Size of of water. to dissolve crystals. 
No. crystals. Deg. F. Minutes. 
1 small > 240 33.00 
2 small 68 2.50 
3 small 140 16 
4 large 40 64.00 
5 large 68 14.00 
6 large 140 2.00 


The results of the above experiments show the influence of 
the size of the milk sugar crystals upon the length of time re- 
quired to effect their solution at pasteurizing and other tem- 
peratures—obviously the larger the crystals, the longer the time 
required to dissolve them. 


(B) Influence of Pasteurization—There was prepared one 
lot of ice cream mix testing 12.50 per cent milk solids not fat and 
34.00 per cent total solids, using cream, skimmilk powder, gelatin, 
sugar and water. The gelatin was dissolved in the added water, 
and the solution cooled before adding to the other ingredients, 
keeping the entire mixture down to about 40° F. 


One half of the above lot was frozen immediately without pas- 
teurizing. The other half was pasteurized at 140 deg. F. for 30 
minutes, cooled and then frozen. Slight sandiness began to ap- 
pear in both lots after being in the hardening room 24 days. 


(2) There was prepared a second lot of ice cream mix test- 
ting 18.50 per cent milk solids not fat and 40.00 per cent total 
solids, using the same ingredients, and proceeding otherwise as 
described under (A). The ice cream from both the pasteurized 
and the unpasteurized portions began to show slight sandiness 
after being in the hardening room 7 days. 

The results of this experiment show that sandiness is not in- 
fluenced by pasteurization when milk solids not fat are obtained 
from milk powder, under the conditions named above. 
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Influence of Composition of Mix—Ten batches of ice cream mix 
of different composition were compounded. The raw materials 
used consisted of pasteurized cream, plain condensed skim-milk, 
sugar and gelatin, all being of high quality. A sample from 
each batch was frozen, and then transferred to a hardening room 
with a temperature of —5° F. to 5° F. 

The essential facts and results of this experiment are given in 
Table 50. 

TABLE 50. 


Influence of Composition of Mix on Milk Sugar Crystallization. 


COMPOSITION OF BATCHES Noserdavean 
No. of hardening room| Extent of 
Mix Fat M.S.N.F. Sugar Gelatin TS: before sandiness|) sendiness 
Per Cent | Per Cent | Per Cent | Per Cent | Per Cent appeared 
1 8.00 11.50 13.00 .50 33.00 56 Slight 
2 8.00 12.50 13.00 .50 34.00 27 Considerable 
3 8.50 12.00 13.00 .50 34.00 27 Considerable 
4 9.00 11.50 13.00 .50 34.00 36 Slight 
5 10.00 10.50 14.00 .50 35.00 87 Slight 
6 12.00 8.50 14.00 .50 35.00 |No sandiness at} None 
end 87 days 
7 12.00 9.50 14.00 .50 36.00 do. None 
8 16.00 ou) 14.00 .50 38.00 do. None 
9 18.00 7.50 14.00 .50 40.00 do. None 
10 8.00 18.50 13.00 .50 40.00 6 Very heavy 


® 


The results of this experiment are most significant and prove 
conclusively the importance of the exact control of composition 
upon sandiness, particularly with regards to the milk solids not 
fat. The mix containing 18.50 per cent of milk solids not fat, 
showed sandiness at the end of six days while up to 9.50 per 
cent no sandiness appeared up to 87 days. 


(D) Influence of Amount of Overrun.—One lot of ice cream 
testing 8.00 per cent fat, 18.50 per cent milk solids not fat, 13.00 
per cent sugar, and .50 per cent gelatin making 40.00 per cent 
total solids, was divided into two portions. 

One portion was frozen with as little overrun as possible, 
about 10 per cént, and the other portion with as much as pos- 
sible, about 100 per cent. Sandiness appeared in both lots of ice 
cream after they had been in the hardening room six days. The 
erystals in the lot with low overrun appeared throughout the 
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experiment to be somewhat larger, and therefore more noticeable 
to the taste than in the case of of the lot with high overrun. 
The difference was probably due to the greater concentration of 
erystals in a given volume of the frozen product. The amount 
of overrun was not found to be of practical significance as 
affecting sandiness. 


(E) Influence of Miscellaneous Factors Upon Sandiness. The 
results obtained in this experiment indicate that the consistency 
to which the ice cream was frozen, the addition of lactic acid. 

TABLE 51. 


Influence of Miscellaneous Factors. 


Number of days 
in holding room 
Method of handling ice cream. before sandiness Remarks 
appeared. 

" Frozen to hard CONSISTENCY Are eee 5 All samples alike 
Frozen to soft consistency.......... 5 as regards sandi- 
.2 per cent lactic acid added......... 5 ness. 

.4 per cent lactic acid added........ 5 
.6 per cent lactic acid added......... 5 
1 per cent pulverized nuts added,... | 5 


or of pulverized nuts, had no influence upon sandiness. The milk 
sugar crystallized out about equally in all cases. 


(F.) Influence of the Solubility of Milk Sugar. The solu- 
bility of milk sugar has been studied by Dubrunfaut;*° by C. 8. 
Hudson’; by E. Soillard*® and by Mack & Liedel’®. Confirma- 
tory tests were made by Liedel in the Research Laboratories of 
Mojonnier Bros. Co. at the temperatures used by the above 
authorities and in addition the solubility was determined at 
temperatures both higher and lower than those reported by other 
authorities. 


Tabulating all of the results reported, we find the solubility 
of milk sugar to range as indicated in Table 3, and Fig. 7, Chap. II. 
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The solubility of milk sugar was determined in water con- 
taining various substances, such as varying amounts of lactic 
acid, common salt and lime. The results thus obtained are given 
in Table 52. 

TABLE 52. 


Solubility of Milk Sugar in the Presence of Other Products. 


Compositions of Solubility of Milk Sugar in 100 parts at: 
er aie F, | 80°F. | 59°F. | 70°F. | 84°F. 
.20 per cent lactic acid....} 13.51 14.80 U7. 12 21.06 23.80 
“40 per cent lactic acid....} 13.42 | 14.63 17.06 20.87 24.72 
.60 per cent lactic acid....| 13.38 14.42 17.00 20.73 24 60 
1.00 per cent lactic acid....| 13.20 14.31 16.95 20.45 24.49 
.20 per cent salt (NaCl1)....| 13.60 UBS. 17.06 20721 24.85 
.50 per cent salt (NaCl)....) 13.55 13.26 16.71 20.50 24.68 
1.00 per cent salt (NaCl1)....) 13.48 ils3,118} 16.90 20.48 24.80 
Saturated Lime Water...... 13.60 14.85 17.60 20.84 25 .02 
Wiateronly seneseke ee aoe 13.36 14.90 16.78 19.50 24.40 


The results given in Table 52 are not entirely consistent, due 
to analytical errors caused by the difficulties involved in making 
double solubility determinations. The differences found are so 
slight as to prove that the solubility of milk sugar in acid, alka- 
line and salt solutions within the limits of the experiment, is the 
same as in water only. 


In another experiment, the separation of milk sugar from ice 
under different conditions was carefully determined. The water 
solutions were transferred to a hardening room with temperature 
about 0° F. At the end of ten days the frozen samples were all 
returned to the laboratory, and immediately after the ice was 
melted, the water was decanted and the precipitated milk sugar 
was separated and weighed upon a Gooch crucible, in all cases 


where this was possible. The results of this experiment are given 
in Table 53. 


’ 
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TABLE 58. 


Separation of Milk Sugar from Ice Under the Various Conditions Named. 


D i 
Water Grams Grams Har cniee Total Grams Milk 
Used Lactic Milk Room before Days in Sugar Remarks 
(emes Acid Sugar Crystals Hardening Separated 
Used Used Separated Room 
ae 99.0 none 1.00 5 Be not ‘4 
| determined 
98.0 : X00) 4 s 
97.0 £ 3.00 3 < 
96.0 s 4.00 3 € 
95.0 e 5.00 Di 10 86 
100.0 Y 10.00 2 10 1.30 
99.8 ae 1.00 5 10 none Milk sugar 
redissolved 
when ice 
melted. 
99.8 oe 5.00 2 10 85 
99.8 2 10.00 2 10 1.32 Bs 
99.6 A 1.00 5 10 none do 
99.6 4 5.00 2 10 .80 a 
99.4 6 1.00 5 10 none do 
99.4 6 5.00 2 10 .86 


The results given above prove that milk sugar crystallizes 
from ice, when present in amounts as small as one per cent. 
Such erystals are readily detected with the human eye. The 
amount actually crystallized could not be determined accurately 
by the method used, since a considerable part of the milk sugar 
passed back into solution as fast as the ice melted. The quantita- 
tive determinations that were made show that the amount of 
sugar which separated from an acid solution of milk sugar, was 
no larger than in the case of pure water solution. The milk sugar 
which separated from the ice appeared to be more amorphous 
than crystalline. Its water content was not studied. 


The solubility of milk sugar in ice cream mix and in sucrose 
solution formed the basis of a careful study by Travis.2? He 


308 Ice CrEAM MIXES 


found the relative final solubility of lactose in different media 
at various temperatures as shown in Table 54. 


TABLE 54. 


Relative Final Solubility of Lactose at Various Temperatures and in Different 
Media According to Travis. 


Grams of lactose per 100 


Media Grams of water at: 
One Grab oe OT nae. 
Water (Hudson results)...... 12.50 15.92 22.8 
Sucrose, 14 per cent solution, . 8.40 | 9.95 | 13.25 
Ice cream mix testing 12.00 per | 
| 
cent fat; 14.00 per cent su- 
gar; .50 per cent gelatin and 
36.00 per cent total solids.. 17.50 24.60 Not reported 


As the results in Table 54 show, lactose was found by Travis 
to be less soluble in sucrose solutions than in pure water, and 
more soluble in ice cream mix than in pure water. He attributes 
this difference to the possible effect of ‘‘some colloid or colloids 
in the ice cream mix.’’ 


In view of the ease with which lactose crystals separate from 
ice even at as low concentrations as one per cent, as shown in 
Table 54, Travis’ results offer an explanation as to why its 
separation in the form of sandiness in ice cream is not larger 
than usually encountered. 


Conclusions :—(1). Sandiness in ice cream is caused by the 
milk sugar contained in the mix. The largest single factor caus- 
ing sandiness is an improper content of milk solids not fat. A 
mix containing 18.50 per cent milk of solids not fat developed 
sandiness in the frozen product at the end of six days, while 
all mixes containing 9.50 per cent or less of milk solids not fat, 
did not show any sandiness after the frozen product had been in 
the hardening room 87 days. Ice cream mix containing 12.50 
per cent of milk solids not fat did not show any sandiness until 
the ice cream was 27 days old. It is probably very seldom that 
ice cream is kept for this length of time. A content of 12.50 
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per cent of milk solids not fat is equal to about 6.70 per cent of 
milk sugar, or about the limit recommended by Bothell (cited 
above). Ice cream can contain more than the above limit of 
milk solids not fat, but if it goes quickly into consumption there 
will be no complaints from sandy ice cream. 

The next largest single factor causing sandiness is the age of 
the ice cream. The older the ice cream, the more likely is sandi- 
ness to appear. Complaints from sandiness are most liable to 
come from small dealers who move their ice cream slowly, or in 
the case of special flavors that meet with a limited demand. 


(2). Solutions containing as little as one per cent of milk 
sugar contain crystallized milk sugar after being in the hardening 
room for eight days or less. 

The increased solubility of milk sugar in ice cream mix as 
reported by Travis may account for the fact that larger quanti- 
ties of milk sugar can be safely used without causing sandiness in 
ice cream, over the amount that would theoretically produce 
sandiness. 

The greater the concentration of milk sugar in ice cream, the 
sooner will the crystals become apparent to the taste. In all 
cases the milk sugar crystals will be visible under the microscope, 
before they become apparent to the taste. The size of the milk 
sugar crystals was found under the microscope to vary con- 
siderably. The larger the crystals obviously the more apparent 
to the taste is the sandiness of the ice cream. 


(3). Pasteurization of the mix, particularly where the milk 
products used contain crystallized milk sugar, helps to retard 
sandiness in the case of a mix containing an excess of milk sugar, 
over that suggested by good practice, and it helps to prevent it 
entirely when the mix is of the right composition. A mix com- 
pounded from milk products containing crystallized milk sugar, 
if not pasteurized, will show up sandiness immediately after 
freezing regardless of the composition of the mix—the larger 
the milk sugar erystals in the raw products, the more apparent 
will be the sandiness in the finished product. 

(4). Sugar—Too low sugar content gives a product that is 
insufficiently sweet ; too much sugar, one that is excessively sweet. 
A product containing excessive sugar has a low freezing point, 
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and consequently is more difficult to keep in good condition in 
the dealers’ cabinets. The best range of sugar is from 13.00 to 
14.00 per cent. Also the more sugar that is used, the more 
difficult it is to obtain the desired overrun. Further discussion 
of this subject will be made under Chapter XV. 


(5). Gelatin.—One of the most important physical properties 
of ice cream is its texture, or in other words, its smoothness to 
the taste. This is caused principally by the size of the water 
erystal—obviously small water crystals producing an ice cream 
that is smooth to the taste and large water crystals one coarse to 
the taste. Several factors influence the size of the water crystals, 
but probably no single factor has greater influence than the 
gelatin content of the ice cream. 


A careful experiment was made to determine the proper limits 
of gelatin to use. A quantity of ice cream mix was prepared test- 
ing 8.00 per cent fat, 12.50 per cent milk solids not fat, 13.00 per 
cent sugar, making 33.50 per cent total solids. This was divided 
into different lots and these in turn handled as shown in Table 55. 
The various lots were all frozen quickly, and then transferred to 
a hardening room with temperature around 0° F., and kept there- 
in for the time indicated in Table 55. 


The results given in the following table prove the value of 
adding gelatin to ice cream. The best results were obtained by 
adding .50 per cent gelatin to the mix before pasteurizing. Gela- 
tin usually contains only about 83.00 per cent of total solids. 
The addition of .60 per cent of gelatin will provide about .50 per 
cent of the water free substance. An excess of gelatin produces 
an ice cream that does not melt readily upon the tongue, besides 
it unnecessarily increases the cost of the ice cream. 


The possible influence, if any, that gelatin may exert upon 
the crystallization of the milk sugar is not known at this time. 
It would be theoretically possible for the gelatin to retard the 
erystallization of the milk sugar, as well as the crystallization of 
the water. 


(6.) Water.—The water content of ice cream influences both 
its chemical and physical properties. Excessive water impairs the 
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food value of the ice cream. The maximum limit under good 
practice is 67.00 per cent water, corresponding to 33.00 per cent 
total solids. The minimum limit is 60.00 per cent of water cor- 
responding to 40.00 per cent total solids. 


TABLE 55. 


Influence of Gelatin Upon the Physical Properties of Ice Cream. 


, Condition of Condition of |Numerical Quality 
How Mix How Gela-| Percentage Ice Cream Ice Cream Rank of various 
was Treated tin was Gelatin one day after jeight days after lots of Ice 
Added Added Freezing Freezing Cream at end of 
Eight Days 
Pasteurized at 
140° F. held|Before pas- 50 Smooth Smooth F 1 
for 4 days at] teurizing 
40° F. 
Not pasteurized|After hold- 
held for 4] ing 4 days. none Coarse, grainy |Coarse, not fit 
days at 40°F.| Just before for sale 6 
freezing 
i .20 Coarse Coarse 5 
= .40 Slight grain Coarse 4 
& S 50 Smooth Smooth 2 
& iS . 60 Smooth Smooth 2 
ie & 70 Smooth but Ice 
Cream did not|Smooth but 3 
melt readily slimy 
te vi 1.00 Smooth but Ice|Slimy. Not fit 
Cream did not] for sale 6 
melt 


The influence of the water content upon the physical property 
of ice cream is usually not fully understood nor fully appreciated. 
It is the size of the water crystals that determines the texture 
or smoothness of the product. 


The best work reported to date upon this subject is that by 
Hall.2? Seale showing relative diameter of smooth and coarse 
textured crystals is reproduced under Fig 79. Hall found that, 
‘‘Gream which left the freezer having 10 per cent of its water 
frozen, upon reaching 20 degrees had 42 per cent of its water 
frozen; at 10 degrees, 55 per cent, and at minus 5 degrees 67 per 
cent. It is doubtful if over 70 per cent of the water in ice cream 


is ever frozen. No matter at what temperature the ice cream 
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may leave the freezer, the continued freezing in the hardening 
room follows the law as represented by the curve under Fig. 80. 


nn 


Fig. 79. Scale Showing Relative Diameters of Smooth and Coarse Texture 
Crystals. 
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Hall applies the same principles of crystallization to freezing 
the water content of ice cream mix as are described in this book 
for controlling the milk sugar crystals in sweetened condensed 
milk. Namely, ‘‘slowly formed crystals are large, and quickly 
formed crystals are small.’’ He recommends placing the ice 
cream as it comes from the freezers in a hardening room of very 
low temperature, say —15° F. Then after the ice cream has 
hardened, transferring it to the regular hardening room with 
temperature of about 5° F. He further points out the fact already 
recognized by many manufacturers that ‘‘small cans on account 
of being quickly frozen, usually contain smoother texture cream 
than large cans.’’ 


Dahlberg? concludes from his experiments that mixtures 
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of butter fat and milk solids not fat totaling 18.00 to 20.00 per 
cent, had a smoothening effect upon the texture equal to 30 per 
cent of either alone. 


THE STANDARDIZATION OF ICE CREAM MIX. 


Definition and Advantages.—The standardization of ice cream 
in a broad sense, has reference to the control of the fat, milk 
solids not fat, sugar, flavor, color, and of the overrun in the 
finished product. This chapter will treat more especially of the 
chemical control of the ingredients making up the mix, while 
Chapter XV treats of the control of the overrun. In no other 
branch of the dairy industry can such important results be 
obtained by complete standardization as in the ice cream industry. 
The three main advantages to be gained are (1) turning out a 
product of uniform composition; (2) manufacturing with the 
greatest possible degree of economy; and (8) avoiding the 
marketing of a product under the legal or trade standards. 

Steps Involved.—The steps involved in standardizing ice 
cream mix are as follows: (1). Ascertaining the pounds, and the 
fat and T. S. tests of all materials on hand or available that are 
to be used for making up the batch. If the tests of the available 
materials are made at the plant, all of the precautions usually 
required in collecting the samples must be observed. Accuracy 
of the tests can be of little value unless the samples upon which 
the tests are based are exactly representative of the entire lot of 
material in question. 

(2). Asa rule, it is not necessary for standardizing purposes 
to test with the Mojonnier Tester all the materials available for 
making up the batch. However, it is recommended that all ma. 
terials purchased be tested, as that is the only satisfactory method 
of checking purchases, and at the same time this affords a large 
help in compounding the mixes. Also, if the exact test of the 
materials available for standardizing is known it will make for 
greater accuracy in the final standardization. 

(3). Determining the pounds that the batch is to contain, 
and the percentage of fat, M.S. N. F., sugar and other ingredients, 
that the batch is to contain after standardizing. It is usually 
necessary to manufacture not more than two different standard- 
ized products. The standards to be followed are sometimes set 
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by State or Federal authorities, and again individual manu- 
facturers may elect to set special standards of their own—the 
same being higher in fat or T. S., or both, than the legal standards 
that might otherwise govern. : 

(4). Calculating the pounds of fat and T. 8. that the batch 
should contain, and with this as a basis, determining the pounds 
of various materials required to make up the batch. 

(5). After the materials for the batch have all been very 
thoroughly mixed, a sample is taken to be tested for both fat and 
T. S., also record is made of the total pounds of each material 
composing the batch. Great care is necessary to get a sample 
that is representative of the entire batch. 

(6). Computing the material required for standardizing the 
batch to the desired standard upon the basis of the weights and 
tests as found under (5). 


GENERAL METHODS OF COMPOUNDING ICE CREAM MIX. 


Several methods are available for compounding and standard- 
izing ice cream mix, as follows: 

(A). By Using a Vacuum Pan.—This is commonly known as 
the Mojonnier method. 

Where this method is possible, it has numerous advantages 
over all other methods. The whole milk is sampled and tested 
for fat and T.8., and the necessary fat in the form of cream or 
butter, and the necessary sugar and gelatin, are added to the milk 
in the hot wells. The batch is then condensed to the point 
desired. After condensing, the batch is weighed, homogenized, 
cooled, tested for fat and T. S. and standardized to the point 
desired. Under some conditions, it may be desirable to condense 
the product considerably in excess of the concentration desired, 
and to dilute it back with water to the proper concentration just 
before freezing. Mix, so prepared, can be stored for a considerable 
time, and shipped considerable distances. 

Peterson and Tracy” made a study of ice cream mix prepared 
in a vacuum pan. Their findings confirmed the foregoing state- 
ments. They also made a bacteriological study of mix prepared 
as above, and of ice cream produced from it. The number of 
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bacteria found by them in the different stages of manufacture are 
given in Table 56. 
TABLE 56. 


Number of Bacteria per cc. in Ice Cream Mix Prepared in a Vacuum Pan at 
Different Stages of Manufacture. 


Before heating. Direct from | Direct from [After addition] In the frozen 


in hot wells. | vacuum pan. |homogenizer. | of gelatin. ice cream. 
9,600,000 800 1,400 1,450 2,600 
2,260,000 20,000 26,200 26,250 31,000 


The best practice is to add the gelatin to the hot wells before 
heating the milk, rather than to the mix after condensing. This 
will help to reduce the bacteria count. 

Mix prepared under vacuum was found to have very excellent 
keeping qualities as found by the results indicated in Table 57. 


TABLE 57. 
Keeping Qualities of Ice Cream Mix Prepared Under Vacuum and Stored at 
32° to 35°F. 
Day in storage. Bacteria per ce. Condition of mix. 
0 1,400 Very good 
5 1,700 Very good 
14 762,000 Good 
23 42,210,000 Fair 
o20 188,500,000 Fair (frozen into ice 
| cream) 


The results in Table 57 show both the low content of bac- 
teria in mix made as described above, and the excellent keeping 
qualities of the same. Handling operations after condensing, if 
care is taken, do not appreciably increase the bacteria count. 
The mix stored at the temperatures named were of excellent keep- 
ing quality, and remained in good condition up to two weeks. 

The specific gravity of ice cream mixes of nine different com- 
positions, and at various temperatures, are indicated upon the 
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chart under Fig. 81. This can be used as the basis for arriving 
at the proper striking point, when finishing the batch at the pan. 


Key to Fig. 81. 


Curvere een oe 2 3 4 5 6 a 8 9 
Fat.............| 8.00} 8.00) 8.50} 9.00) 10.00) 12.00} 12.00) 16.00) 18.00 
AS Re crater aats 33.00} 34.00} 34.00} 34.00) 35.00) 35.00) 36.00} 38.00} 40.00 
Sugar...........] 13.00} 13.00] 13.00] 13.00} 13.00} 13.00} 14.00) 14.00} 14.00 
Gelatingeeee ere 750} sane 5 O\ OleOle 0) OO ue Ono |S O) 
Peer H ia 
am 
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Fig. 81. Specific Gravity of Nine Different Compositions of Ice Cream Mix 
at Various Temperatures. 


This chapter contains elsewhere methods of calculation recom- 
mended to cover problems of this kind. 


SUCCESSIVE STEPS SI, 


(B). By mixing condensed products of various kinds. A large 
variety of combinations are possible, and usually if the proper 
methods of calculation are used, such dairy products of the prop- 
er quality, that may be available, can be mixed together and made 
to yield a satisfactory quality of mix. One extreme example 
would be skim-milk and cream; another would be skim-milk 
powder and butter. Problems involving these various combina- 
tions will be found elsewhere in this chapter. 


SUCCCESSIVE STEPS INVOLVED IN STANDARDIZING ICE 
CREAM MIX. 


Unless the mix is compounded at the vacuum pan, two meth- 
ods of standardizing are possible as follows: (1) Ascertain the 
exact fat and T. S. tests of all products available, and upon the 
basis of these tests mix the same in the right proportion to obtain 
a product of the test desired. This method is not recommended, 
as it involves considerable work not required by the method im- 
mediately following. It is well, however, to test all products pur- 
chased for fat and T. S. to determine if they comply with the 
purchase specifications. 


(2). Compound the mix upon the basis of the approximate 
tests of the materials on hand. Test the mixture for fat and 
T. S., using the Mojonnier Tester. 


(3). Caleulate by methods that follow in this chapter, the 
materials that will be required to standardize the batch to the 
proper content of fat, M.S. N. F. and sugar. 


How to Sample, Test and Weigh the Batch. Follow method 
of sampling recommended under Chapter VI. Use the Mojonnier 
Tester for making all fat and T. 8. determinations. Where pos- 
sible, obtain directly the weight of the batch. If impossible to 
weigh the batch, obtain the total gallonage, and calculate the 
pounds from the figures given in Table 58. Use the Green Gauge 
or a graduated scale to ascertain the total pounds of mix in the 


holding tank. 

Order of Operations in Standardizing Ice Cream Mix: (1). 
Test both for fat and T. S. as far in advance as possible all prod- 
ucts that are to be used for standardizing. 


318 Ick CreEAM MIxEs 


TABLE 58. 


Approximate Weight per Gallon of Water and of Various Dairy Products. 
Temperature About 68° F. 


Per- | Percent- |Pounds in Per- | Percent- |Poundsin 
Name of Product|centagelage Total|One U. S.|| Name of Product |centage|age Tota |One U. S. 
Fat Solids Gallon Fat Solids Gallon 
WATER a risictacnorn| Lacctne @ oll mmhet ies 8.34 Cream nace a cuvee | CORO 36.24 §.35 
Skim-milk....... Bo'| -eeseoefs.e4" |\GreamM ae atue 35.00| 40.79 | 8.31 
Whole Milk..... 3.00 11.40 8.59 (regia: scvrtey terme 40.00 45.35 8.28 
Whole Milk..... 3.50 11.60 8.60 Ice Cream Mix....| 8.00 34.00 9.16 
Whole Milk..... 4.00 12.30 8.61 Plain condensed 
skim-milk.......] 1.00 26.00 9.18 
Whole milk...... 5.00 13.00 8.62 Plain condensed ‘ 
whole milk......}| 8.00 30.00 9.05 
Mixed milk and Evaporated milk...}| 8.00 26.15 8.90 
ORCAME pcareeess sos 10.00 18.02 8.54 
Mixed milk and Evaporated milk...| 7.80 25.50 8.88 
eream:....25 eo 15.00 22.57 8.47 = == 
; SS Sweetened con- | 
Creamer niente 20.00 Py fea} 8.43 densed skim-milk] 1.00 70.00 11.16 
— — Sweetened con- 
Wreamseneieeerise 25.00 31.68 8.39 densed whole milk} §.00 73.00 10.90 


(2). About half an hour before the sample from the batch is 
ready, do everything necessary to begin making fat and T. S. 
tests. 

(3). Keep the fat and T. S. dishes in the respective ovens 
for 5 minutes, under proper heat and with the vacuum on. 


(4). Transfer the dishes from the ovens to the coolers. Keep 
the water circulating. Weigh the T. 8. dish with cover at the 
end of 5 minutes, and the fat dish alone at the end of 7 minutes. 
Record the weights and numbers upon the laboratory report Fig. 
53, Chap. VII. Replace the dishes in the coolers. 


(5). Mix the sample thoroughly. 


(6). Full the one gram pipette to the mark, and transfer the 
milk to the previously weighed dish, and weigh the dish with 
milk immediately. Fill the 5 gram pipette to the mark, and by 
means of the weighing cross, weigh about 5 grams into the fat 
extraction flask. 


(7). Prepare the sample for the T. 8. and the fat ovens re- 
spectively ; heat in the ovens, cool in the coolers, and weigh as 
directed. 


SUCCESSIVE STEPS 319 
(8). Calculate the percentages of fat and T. S. and transfer 
the results to the ice cream mix and cost report, Fig. 82. 


(9). Calculate the pounds of material necessary to add, select- 
ing and using the rule that may apply. 


Form M.P, 31 ICE CREAM MIX AND COST REPORT 


ian ee Batch. 


Raw material 


Total weight 
sed pounds 


Sk. ilk powder 
Super 
Gelattoe 
| Water 
y 
| Vooite 


Towel pounds added (o standardize 


Tots! pounds of original colx | 


Grand towel pounds df entire mix 


Cont per galloo ealx 


Comt per gallon ice cream Nalshed 


Manufacturing cost per gallon 
Delivery cost per gallos 


Com per gallon added nlx 


Seviny on each gaflon added mix 


_| Saving on cost of added mix 


Fig. 82. Ice Cream Mix and Cost Report. 


(10). Add the standardizing materials to the batch. Mix 
thoroughly. Make a retest for fat and T. 8. Complete all pos- 
sible or necessary calculations upon the above report blank. 


The use of this blank reduces the possibilities of errors to a 
minimum; provides a means of computing the cost per gallon of 
the mix, and gives a clear history of every batch of ice cream 
made. Any troubles that may arise can be more readily traced 
if a record of this kind is kept. 
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Standardizing and Holding Tanks for Ice Cream Mix. Several 
different designs of suitable tanks are available for the mixing and 
holding of ice cream mix. In small plants the same tank can be 
used as a batch mixer, pasteurizer, cooler and holder. Figs. 83, 


Fig. 83. Ice Cream Batch Mixer. 
Courtesy Creamery Package Mfg. Co. 


84 and 85 illustrate tinned copper tanks of this kind. Figs. 86 
and 88 illustrate glass enamelled batch mixers, and Fig. 87 a glass 
enamelled standardizing and holding tank. The size of tank to 


.} 


Fig, 84. Ice Cream Batch Mixer. 
Courtesy J. G. Cherry Co. 


use iS governed by the quantity of the output. Where the out- 
put so warrants, the larger the tanks used, the fewer the stand- 
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ardizations that are necessary, and the more exact the control 
that can be maintained over the finished product. 


Kinds of Problems Encountered in Standardizing Ice Cream 
Mix. Numerous methods have been suggested and used for 
standardizing ice cream mix, but usually the attempt has been 
to standardize the fat only, paying but comparatively little at- 


Fig. 86. Ice Cream Batch Mixer. Fig. 87. Ice Cream Holding Tank. 
Courtesy The Pfaudler Co. 


tention to the solids other than the fat. In the methods which 
follow, the fat, M. S. N. F. and the sugar are taken into con- 
sideration, and if these methods are used as recommended, all 
can be standardized with equal accuracy. Several different com- 
binations of results are possible, all requiring different calcula- 
tions as follows: 

(1). Fat Under, and T. 8S. Over the Standard Desired. The 
same method of calculations can be used when both the fat and 
the T. S. are over the standard desired, but with the fat in a 
lower ratio than the T.S. This is covered by problems 29 and 
30. 

(2). Both the Fat and T. S. Are Under the Standard Desired. 
Three methods of calculations are given for this combination. This 
is covered by problems 31, 32 and 33. 
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(3). Fat Over, and T. S. Under the Standard Desired. The 
same method of calculation can be used when both the fat and 
the T. S. are over the standard desired, but with the fat in a 
higher ratio than the T. S. This is covered by problems 34 and 
35. 


(4). Both the Fat and the T. 8. Over the Standard Desired, 


Fig. 88. Ice Cream Batch Mixer, 


Courtesy Jensen Creamery Machinery Co. 


and in the proper ratio one to another, making it necessary to 
add sugar and water only. This is covered hy problem 36. 


The above problems are solved in this chapter both by rules 
and formulas, and also by examples under each rule and formula. 


‘ 


Key To Factors 
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KEY TO FACTORS IN FORMULAS FOR STANDARDIZING. 


Hell Ut Ul 


Hol Il 


ICE CREAM MIX 


The percentage 
The percentage 
The percentage 
The percentage 


of fat desired in mix. 

of fat short. 

of M. S. N. F. desired in mix. 

of water-free gelatin desired in the 


mix. 

The percentage of fat in the cream. 

The percentage of fat in the condensed milk. 

The percentage of M. S. N. F. in the cream. 

The percentage of M. S. N. F. in the whole milk. 

The percentage of fat in cream available for standard- 
izing. 

The percentage of fat in butter. 

The percentage of fat in the whole milk. 

The percentage of fat in the ice cream mix before 
standardizing. 

The percentage of fat in the condensed whole milk. 

The percentage of fat in the whole milk. 

The percentage of M. S. N. F. in the condensed whole 
milk. 

The pounds of M. §. N. F. in mix after adding cream. 

The pounds of M. S. N. F. short. 

The pounds of condensed whole milk 

The pounds of mix short. 

The pounds of mix possible to make. 

The pounds of fat short. 

The pounds of mix before standardizing. 

The pounds of mix after adding cream. 

The pounds of mix desired. 

The percentage of M. S. N. F. in the original mix. 

The percentage of M. S. N. F. in the mix after adding 
the cream. 

The pounds of cream required. 

The pounds of butter required. 

The percentage of M. S. N. F. in the mix after add- 


ing condensed milk and cream. 
The pounds of whole milk on hand. 
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Pp? = The pounds of whole milk required. 

R = The ratio of fat to M. 8. N. F. 

S = The percentage of M. S. N. F. in the milk powder. 
S? = The pounds of milk powder. 

S = The pounds of gelatin required. 

U = The pounds of sugar required. 

V = The percentage of sugar desired. 

V! = The percentage of T. S. in the gelatin. — 

W = The pounds of water required. 


COMPOUNDING AN ICE CREAM MIX TO APPROXIMATE TESTS. 


The procedure to follow in making up the batch of ice 
cream mix before testing and accurately standardizing is illus- 
trated and explained in the directions here given, and by using 
the ice cream mix report illustrated under Fig 82. 


The first column of the left hand side of the report shows the 
raw materials on hand from which it is necessary to select the 
materials that are to be used in making up the batch. The per- 
centages of fat and M. S. N. F. in the different materials should 
be determined by tests made in advance, or the percentage may 
be taken from former tests of these substances received from 
the same source, provided that the composition does not vary 
widely in different deliveries. In this problem, the percentages 
of fat and M. 8. N. F. in the different materials used were de- 
termined in advance and may be found in their respective places’ 
in the report at the upper right hand side. 


When gelatin or other stabilizers are used they may be in- 
cluded with the M.S. N. F. In this batch .50 of one per cent of 
gelatin was added. 


Table 59 gives the average composition of the products most 
commonly used for making up ice cream mix. These results are 
accurate enough to use when compounding a mix to an approxi- 
mate test. 


COMPOSITION OF PRopuUcTS 


TABLE 59. 
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Approximate Composition of Products Used in Ice Cream Mix. 


| 
Per Per Per Per Per Per Per 
Name of Cent Cent Cent Name of Cent Cent Cent Cent 
Product Fat M.S.N.F. ee Product Fat M.S.N.F. Sugar ASI 
Butter _ 84.00 1.50 85.50 | Plain cond. 
Skim-milk .10 8.70 8.80 Skim-milk -50 ZORBOD Genie ponents 26.00 
P Plain cond. <3. 
Fresh milk 3.50 8.50 12.00 | whole milk 6.00 PPAF alias jean 28.00 
Cream 15.00 ie ee ce S000) ar00 ihe ke ~~ 33.00 
Cream 18.00 7.25 25.25 
Sweetened ia 
Cream 20.00 7.07 27.07 | cond. skim- 50 27.50 42.00 70.00 
milk 
Sweetened 
Cream 25.00 6.53 31.63 ae whole 8.00 20.00 42.00 70.00 
mi 
Skim-milk 
Cream 30.00 6.19 36.19 powder 1.00 DL OOM aye crept hve sxe 95.00 
Whole milk 
Cream 40.00 5.30 45.30 | powder 26.00 GOR008 | Peer eect 95.00 
Cream 50.00 4.43 54.43 SUC AT ED MME caren Nekets al] estoy tates 100.00 100.00 
Evaporated 
whole milk 7.80 17.70 DDO a MC CLAUITy yeni raisers stats llet vez eee syak., 0\| eeareltosransieters 86.00 
Eyaporated 
skim-milk .40 | 22.00 22.40 


Example 27: 
PROBLEM 26: 


APPROXIMATE TESTS. 


HOW TO COMPOUND ICE CREAM MIX TO 


Per Cent Pounds 
Products Pounds 
Fat Visa Nee ke Fat M.S. N. F. 
Wikio Lesnailllouneasr anne 3400 4.00 8.50 136.00 299 .00 
Skaimemnilikaey eee ene 1360 SiO) an rope 118.32 
Condensed skim-milk 1300 DIS MO. atl crenata 325.00 
Butters eee eee SAR (MIM reek tee a Mere I) miaue haley. 
Skim-milk powder.... OVALS oh ehposie till Mey eect 


The above products are on hand and it is desired to utilize 
completely the first three products named, to make up a batch of 


10,000 pounds, the same 


to test 8.00 per cent of fat, 12.50 per 
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cent of milk S. N. F., .50 per cent of gelatin, 13.00 per cent of 
sugar, making 34.00 per cent T. S. 


Solution Problem 26, Example 27: 
(1). To calculate the pounds of fat, M. 8. N. F. and gelatin 
required. 
10000 .08=800, pounds of fat required. 
10000 .125=1250, pounds M. 8. N. F. required. 
10000 .005=50, pounds gelatin required. 

(2). To calculate the pounds of butter required. 

3400 .04=136.00, pounds of fat in whole milk. 

800—136=664.00, pounds of fat to be supplied by the 
butter. 

664 + .84 = 790.5, pounds of butter required. 

(3). To calculate the pounds of skim-milk powder required. 
3400 .085—=289.00, pounds of M. S. N. F. in whole milk. 
1360 .087=118.32, pounds of M. S. N. F. in skim-milk. 
1300 .25=325.00, pounds of M. S. N. F. in condensed 

whole milk. 
10000 .005=—50.00, pounds of gelatin required. 
289.00-+-118.32+-325.00—732.32, pounds of M.S. N. F. in 
four products to be added. 
1250—732.32—517.68, pounds of M.S. N. F. to be provided. 
517.68-.95=544.68, pounds of skim-milk powder to use. 


4, To Calculate the Pounds of Sugar Required. 
10000 .18=1300, pounds of sugar. 


5. To calculate the pounds of water required. 
3400-+-1360-++-1300-+-50+-790.50-+-544.68-+1300=8745.18 
pounds of materials in mix. 
10000—8745.18—1254.82 pounds of water required. 


The complete batch after standardizing to approximate tests 
will contain the following materials: 


Whole milky 3 ee ee 3400.00 pounds 
Skin=milk™ 4.5.70 s iene eee ees 1360.00 pounds 
Plain condensed skim-milk......... 1300.00 pounds 


Butter 2, tue ees ok eee ee 790.50 pounds 
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Skim-milk: powdePel sci. cceaec eso de 544.68 pounds 
Cl hia teres treat lars cask spe, Seo ciace 50.00 pounds 
SU Aleta Aes oo. cia ethan Sc 1300.00 pounds 
LENSE Rieeee es aie ae a es eS 1254.82 pounds 


10,000.00 pounds. 


The materials in the quantities as determined are mixed to- 
gether, homogenized and accurately sampled. The samples are 
immediately tested for fat and T. S. on the Mojonnier Tester. 
From the results obtained the final calculations are made to de- 
termine the materials to add in order to secure accurate stand- 
ardization. In making the calculation select and use the proper 
rule from those that follow in this chapter. When the percentage 
of fat or of M. 8S. N. F. in the mix are below the desired per- 
centage it is much more difficult to determine the exact amount 
of materials to add for correction, than it is to calculate the ma- 
terials to add when the fat and M.S. N. F. are present in excess. 
For this reason the aim should be always to have a small excess 
of fat and M. 8. N. F. in the mix when this is made up before it 
is tested by the Mojonnier Tester for final accurate standard- 
ization. 

Providing Factor of Safety. In all problems given in this 
chapter the calculations are made upon the basis of an absolute 
standard. <A proper factor of safety should be allowed, and it is 
recommended that this be about .10 per cent upon the fat and 
.20 per cent upon the T. S. 


STANDARDIZING ICE CREAM MIX. 
Problem 27. How to calculate when making a definite weight 
of mix using a vacuum pan. 


Solution of Problem 27, Based Upon Rule 24: 


(1). Multiply the pounds of mix desired by the percentage 
of M. S. N. F. desired. Divide the answer by the percentage of 
M. S. N. F. in the whole milk. The answer will be the pounds of 
whole milk required. 

(2). Multiply the pounds of mix desired by the percentage 
of fat desired. Subtract from this product the pounds of fat in 
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the whole milk, and divide the remainder by the percentage of fat 
in the butter. The answer will be the pounds of butter required. 


(3). Multiply the pounds of mix desired by the percentage 
of water free gelatin desired and divide the product by the 
percentage of T. S. in the gelatin. The answer will be the pounds 
of gelatin required. 


Multiply the pounds of mix desired by the percentage of 
sugar desired. The answer will be the pounds of sugar required. 


Solution of problem 27, based upon formula 24: 
(1). To calculate the pounds of whole milk required. 
M? <-B 

D 


(ee 


(2). To calculate the pounds of butter required. 
CME CA) (Pe) 


Or 
De 
(3). To calculate the pounds of gelatin and of sugar required. 
ques SS Bt 
yi 
= IMs avi 


Problem 27, Example 28. 


Per Cent 
Products i 

Fat M.S. N. F.| Gelatin | Sugar Tass 

WARNE TMS. nan cdoesaoue 3.d0 8.50 et seem at ati 1225 

Butterperen te occ esc pL Oost? ss ates er S40 84.00 

Gelatin. a. eek Ace |e et ee ee S400 8 par oer 84.00 

DUGATEN coe tk etc alae ee 100 100.00 
Composition of mix de- i 

SITCC ara waretoes ae 8.00 12.50 a0) _ 18.00 34.00 
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It is desired to make 10,000 pounds of ice cream of the above 
tests, using the materials named. - 


Solution of Problem 27, Example 28, based upon rule 24. 


(1). To Calculate the Pounds of Whole Milk Required. 
10000 .125=1250, pounds of M. S. N. F. required. 
1250--.085=14706, pounds of whole milk required. 


ee 
(2). To Calculate the Pounds of butter Required. 


10000 .08=800.00 pounds of fat required. 
14706 .0375—551.48, pounds of fat in whole milk. 


800.00 —551.48=248.52, pounds of fat to be provided from 
butter. 


248.52—.84=295.90, pounds of butter required. 


(3). To Calculate the Pounds of Gelatin and Sugar Required. 
10000 x .005 


84 
10000 .18=1300, pounds of sugar required. 


Condense the above batch to such a concentration as to obtain 
10000 pounds of finished product. 


= 60, pounds gelatin required. 


| 
Solution of Problem 27, Example 28, based upon formula 24: 
(1). To calculate the pounds of whole milk required: 
, 10000 X .125 


2 = 14706 
.085 


(2). To calculate the pounds of butter required. 
(10000 .08) — (14706 x .0375) 
84 


=295.90 


(3). To calculate the pounds of gelatin and of sugar required. 
, 10000 .005 
84 


U=10000 x .18=1300 
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Proof of Problem 27, Example 28: 


Pounds 
eee Total | Fat (M.S.N.F| Gelatin | Sugar | T.S. 
Viholomiule eee ee 14706 | 551.48 | 1250.0 —_ ia. Ml isbt as 
Bitrate 296.0] 248.52 | ...... “steel BAGafnc 248.52 
Gelatinguvascuternca tetera GO EO|s Sendna |) cocoa 60.0 Dood 50.0 
SUSALS Ai traa slveveree ites snot EXOD! NN poaaon | scoped tes 1300 1300.0 
ee aa eee 10000 800.00 1250.0 60.0 1300 3400.0 
Emelvabiva sosgoecovcoDs 
Per Cent 
ee Fat M.S.N.F.| Gelatin Sugar Hi 
pWihole anil keer eh tenets cies aes e 3.75 Ss aaa A) pone 12.25 
LS ORS Seon Bch rtn cat Perum ees cart EEO Wi oarse Ill ooscod lll oa odcte 84.00 
Ge) atime sire sscarsmaate rapercors s EN eae ee | tees akan | ae eee SAR OOS areas 84.00 
SUE aes era ote eca eae eae oh ces ca eee |r ae CoH) Gcpeeeversaans|| Suumeren are "100. 00 100.00 


Tests of batch after condensing and 
Standarcizin a seen are 8.00 12.50 .50 13.00 34.00 


Problem 28. How to Calculate When Making an Indefinite 
Weight of Mix Using a Vacuum Pan. 


Solution of Problem 28, Based Upon Rule 25: 


(1). Multiply the pounds of whole milk by the percentage 
of M.S. N. F. in the whole milk. Divide the answer by the per- 
centage of M.S. N. F. desired. Call the answer A, or the pounds 
of mix possible to make from the whole milk on hand. Multiply 
A by the percentage of fat desired. Subtract from the answer 
the pounds of fat in the whole milk, and divide the remainder by 
the percentage of fat in the butter. The answer will be the 
pounds of butter required. 


(2). Multiply A by the percentage of water free gelatin de- 
sired and divide the product by the percentage of T. 8S. in the 
gelatin. The answer will be the pounds of gelatin required. 
Multiply A by the percentage of sugar desired. The answer will 
be the pounds of sugar required. 
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Solution of Problem 28, based Upon Formula 25: 
(1). To calculate the pounds of butter required. 


ee 


) <A | —(P1X EY) 
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: B 
Or i 
(2). To calculate the ely of gelatin and of sugar required. 
1 1 
ge K*XB 
ee ge 
U=KEXy 
Problem 28, Example 29. 
Per Cent 
Products Pounds 
Fat |M.S.N.F.|Gelatin] Sugar | T. 8S. 
Whole milk......... 10,000 3.75 CROOK) ly Meio Renate 12.25 
BULLET MN Pee mers aac ours S400 Ww ponte, Sey es eee || eee 84.00 
(Geel ai cinieeap pyar tate eee ree |e Se) OMe ll eee Le a 84.00 
FOAUIEEENE: om raree Se agaied tepals: ere Ol Wee eae al | 100.00 | 100.00 
Composition of mix 
desired, Penge 
gelatin.. eget llunteast acre 8.00 12.00 .00 13.00 | 33.50 


It is desired to make all the ice cream mix possible from the 


above whole milk, using butter to supply extra fat required. 


Solution of Problem 28, Example 29, Based Upon Rule 25: 


(1). To calculate the pounds of butter to use. 
10000 .085=—850, pounds of M.S. N. F. in whole milk. 
850-—.12=7083, pounds of mix possible to make. 
7083 X .08=567, pounds of fat required. 
10000 .0375=875, pounds of fat in the whole milk. 
567—375=192, pounds of fat to be provided by butter. 
192—.84—=228, pounds of butter required. 


(2). To calculate the pounds of gelatin and of sugar required, 
7083 .005=35.4, pounds water free gelatin required. 
35.4+.84—42.0, pounds of gelatin required. 

7083 X.13=921, pounds of sugar required. 
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Solution of Problem 28, Example 29, Based Upon Formula 25: 
(1). To calculate the pounds of butter required. 


| (= x ae) x. .08 i (10000 x .0375) 
O! 


Le =228 


84 
(2). To calculate the pounds of gelatin and of sugar required. 
7083 X. .005 
im 84 ae 
U=7083 138-921 
Condense the above batch to such a concentration as to obtain 
6800 pounds of finished product. 


Proof of Problem 28, Example 29: 


12 
b 


Pounds 
Se Total Fat |M.S.N.F| Sugar | Total 
Woholevanilles a. setercestsporss nett sets) goatee 10000 375 850 Se 1225 
BUCCORE oso-, creators corres ceaessaa erage eee sereeie 228 192 = oe 192 
Grelatiti veer anyon tet ears rere 42 35 
SUT en Ness Sear en Vitae al 921 921 921 
Totalimounds of batebiwy cases 7083 567 850 921 2373 
Per Cent 
Products 
Fat M.S.N.F.| Gelatin Sugar Danse 
Wihioleulkh oan ee tee eee 3.75 oe ay pane Songs Pea 12.25 
ASIDE ee OU o mLHH cen Orn Brocheub k RAMON S| cathcnees one Rec 84.00 
Gelatiny soils iec. epteateisig eave skase reat |e tecrace oll) samen erer: fe SiO gt Ne ice aed 84.00 
RLU Grane AIOE Ae cee Scie keen call Ge ye Sih Io lente ane 13.00 100.00 
Mestsiok batehvvs vo. ers ence aie 8.00 12.00 50 13.00 33.50 


PROBLEM 29: HOW TO CALCULATE WHEN THE FAT IS UNDER 
AND THE T. S. OVER THE STANDARD DESIRED. ALSO 
WHEN BOTH THE FAT AND THE T. S. ARE OVER 
THE STANDARD DESIRED, BUT WITH THE 
FAT IN A LOWER RATIO THAN THE T. S. 

See problem 30 for solution of second half of this problem. 
Cream sugar and water are to be used in standardizing. 


Solution of Problem 29, Based Upon Rule 26. 


(1). Divide the percentage of M. 8. N. F. in the mix by the 
desired ratio between the fat and the M. 8S. N. F., and from the 


CALCULATION OF CREAM 333 


result, subtract the percentage of fat in the mix. Multiply the 
difference by the pounds of mix. Call the product L. 


Divide the percentage of M. S. N. F. in the cream by the 
desired ratio between the fat and the M. S. N. F., and subtract 
the result from the percentage of fat in the cream to be used for 
standardizing. Call the result E. Divide L by E. The 
quotient equals the pounds of cream to be added to the mix to 
bring the fat and the M.S. N. F. to the desired ratio. 


(2). Multiply the pounds of mix by the percentage of M. S. 
N. F..in the mix, and multiply the pounds of cream required by 
the percentage of M. 8. N. F. in the cream. Divide the sum of 
the two products by the weight of the mix plus the weight of the 
cream. From the quotient subtract the percentage of M.S. N. F. 
desired in the mix. Multiply this difference by the pounds of 
mix plus the pounds of cream required, and divide the product 
by the desired percentage of M.S. N. F. in the mix. The quotient 
equals the pounds of mix short after adding the cream. 


(3). Add the pounds of cream required to the pounds of mix 
short, and multiply the sum by the percentage of sugar in the 
mix. The result equals the pounds of sugar to add. 


(4). Subtract the pounds of sugar from the pounds of mix 
short after adding the cream. The difference equals the pounds 
of water required. 

Solution of Problem 29, Based Upon Formula 26: 

(1). To calculate the pounds of cream to add: 


o=[x(R)-r]+[(-@)] 


(2). To calculate the pounds of mix short after adding the 
cream. 


OOD N'—B)M? 
N= Ore aioe Then K= Chees - 
M? B 
(3). To calculate the pounds of sugar to add. 
U=(K—0O)xV 


(4). To calculate the pounds of water required. 
W=K—U 
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Problem 29, Example 30. 


Per Cent 
eae see Fat M.S. N. F. Sugar ADS: 
Ee andard) 0000 7.79 13.80 13.00 34.59 
etree ee 40.00. nen tere 45.20 
Sivar e | ae bien eee eel ee 100.00 100.00 
eee ne ele, bere 8.00 13.00 13.00 34.00 


Ratio of fat to M. 8. N. F. desired 1 to 1.625. 
Mix before standardizing contains .50 per cent of gelatin 
which is included with the M.S. N. F. 


Solution of Problem 29, Example 30, Based upon Rule 26: 
(1). To calculate the pounds of cream to add. 
13.80-1.625—8.49, per cent of fat necessary to equalize 
M.S. N. F. in unstandardized mix. 
8.49—7.79=—.70, per cent of fat short. 
10000.00 .007—70.00, pounds of fat short. 
5.20--1.625—3.20, per cent of fat to equalize the M.S. N. F. 
in the cream. 
40.00—3.20—36.80, per cent of fat in the cream available 
for standardizing. 
70.00-—.3868=190.22, pounds of cream required. 
(2). To calculate the pounds of mix short after adding the 
cream, 
10000 .188=13880.00 pounds of M.S. N. F. in the mix. 
190.22 .052=9.89, pounds of M. S. N. F. in the cream. 
1380.00-+-9.89=13889.89, pounds of M. 8S. N. F. in the mix 
and cream together. 
1389.89-——10190.22—13.64, per cent of M. S. N. F. in the 
mix and cream together. 
13.64—13.00=.64, per cent excess M. S. N. F. in mix after 
adding the cream. 
10190.22 .0064—65.12, pounds of excess M.S. N. F. 
65.12+.13—=500.88, pounds of mix short. 
(3). To calculate the pounds of sugar to add: 


500.88-+190.22—691.08, pounds of mix short plus pounds 
of cream. 
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691.08 .18=89.84, pounds of sugar to add. 
(4). To calculate the pounds of water required. 
500.88—89.84—411.04, pounds of water required. 
Solution of Problem 29, Example 30, Based Upon Formula 26. 
(1). To calculate the pounds of cream to add. 


| 10000 x Gea 7.79 ) | 
O= ae = 190.22 
40 xX | —— 
| (Fes) | 
(2). To calculate the pounds of mix short after adding the 
cream. 


(10000 x .138) + (190.22 .052) 


— 
rs 10190.22 es 
.13864—.13) «10190.22 
re ( a s = 500.88 


(3). To calculate the pounds of sugar to add. 
U= (500.88-++-190.22) x .18=89.84 

(4). To caiculate the pounds of water required. 
W=500.88—89.84—411.04 


Proof of Problem 29, Example 30: 


Pound Per Cent 
egecee lee Fat Milk | Sugar Fat Milk | Sugar |} T.S. 
5 NS Ue 8. N. F. 

Mix before standardizing .| 10000 | 779.00 | 1380 1300 7.79 | 13.80 13.00} 34.59 
Cream BAC Joe cileyasiess.« 190 | 76.00 Cina ee Welle tinrig meee eee 45.20 
Sugaradded...........-. SOUT Bey crsreraltyal| etokees ss aye CONF Sinacic ||) tenes 100.00] ..... 
Wiater'added’ 3... 10. ANT OP seeks: | Masstane sites Sate || aoe loaeek a] rele ent commen 
Total after standardizing.| 10691 | 855.00 | 1390 1390 8.00 | 13.00 13.00} 34.00 


PROBLEM 30. HOW TO CACULATE WHEN BOTH THE FAT 
AND THE T. S. ARE OVER THE STANDARD DESIRED, 
BUT WITH THE FAT IN A LOWER RATIO 
THAN THE T. S. 


This problem is very similar to problem 29, but for the sake 
of clarity its complete solution is here given. Cream, sugar and 
water are to be used in standardizing. 
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Solution of Problem 30, Based Upon Rule 27: 

(1). Divide the percentage of M. S. N. F. by the desired 
ratio between the fat and the M. S. N. F. and from the quotient 
subtract the percentage of fat in the mix. Multiply the difference 
by the pounds in the mix. Call the product L, or pounds of fat 
short. Divide the percentage of M. 8. N. F. in the cream by the 
desired ratio between the fat and the M. S. N. F. and subtract 
the quotient from the percentage of fat in the cream. Call the 
difference E., or the percentage of fat available in the cream for 
standardizing. Divide L by E., and call the quotient O, or the 
pounds of cream required. 

(2). Multiply the pounds in the original mix by the per- 
centage of fat that it contains, and multiply the pounds of cream 
by the percentage of fat in it. Add the two products together 
and divide the sum by the number of pounds in the mix after 
adding the cream. From the quotient subtract the desired per- 
centage of fat, and multiply the difference by the pounds of 
original mix plus the pounds of cream required. The product 
thus obtained, divided by the desired percentage of fat in the mix, 
equals the pounds of mix short after adding the cream. 

(3). Add the pounds of cream required to the pounds of mix 
short and multiply the sum by the percentage of sugar desired. 
The product equals the pounds of sugar required. 


(4). Subtract the pounds of sugar from the pounds of mix 
short. The difference equals the pounds of water to add. 

Solution of Problem 30, Based Upon Formula 27: 

(1). To calculate the pounds of cream required. 


o-[rx()F]-[e-Q)] 


(2). To calculate the pounds of mix short after adding the 
cream. 


(MxXF)+(0xXC 
=| vase ’—a] xa +o) 


A 


(3). To calculate the pounds of sugar required. 
U=(K-+0)V 
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(4). To Calculate the Pounds of Water Required. 
W=K—U 


Problem 30, Example 31: 


Per Cent 
Products Pounds 

Fat M.S.N.F.| Sugar 0S 
Miser ses nia eee ee 10,000 8.10 13.70 13.00 34.80 
(Cinchiats 8” a eee 40.00 BOD” Wp Posseey 45 . 20 
SWEBNCs ., he DS ako on DOS MEN N SaNe am Ae || eee Po oe 100.00 
\WWIGUEI&, 1/5 Gaon banecatiare a Seed (ia eye atom ee nt ay ect Nee | ee 
Desired composition...) .-... Pe eS On 13.00 | 13.00 | 34.00 


Mix before standardizing contains .50 per cent of gelatin 
which is included with the M.S. N. F. 


Solution of Problem 30, Example 31, Based Upon Rule 27: 

(4). To calculate the pounds of cream required. 
13.70--1.625—8.48, per cent of fat to equalize the M.S.N. F. 
8.48—8.10=—.330, per cent of fat short. 
10000.00 .0033—33.00, pound of fat short. 
5.20-+1.625=3.20, per cent fat required to equalize the 

M. S. N. F. in the cream. 
40.00—3.20=36.80, per cent fat in the cream available for 
standardizing. 

33.00-.368=89.86, pounds of cream required. 

(2). To calculate the pounds of mix short after adding the 

cream. 

10000 .081=810.0, pounds of fat in the mix. 
89.86 .40=35.95, pounds of fat in the cream. 
810.00-+-35.946=845.95, pounds of fat in the mixture. 
10000-+-89.86=10089.86, pounds of mix and cream. 
845.95--10089.86—8.384, per cent of fat in the mixture. 
8.384—-8.0=0.384, per cent fat excess. 
10089.86 x .00384=38.745, pounds of fat excess. 
38.745--.08—484.3, pounds of mix short after adding the 


cream. 
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(3). To calculate the pounds of sugar. 
484.3+-89.86—574.16, pounds of mix short plus pounds of 
cream. 
574.16 X .13=74.64, pounds of sugar required. 
(4). To calculate the pounds of water required. 
484.3—74.64—409.66, pounds of water required. 
Solution of Problem 30, Example 31, Based Upon Formula 27: 
(1). To calculate the pounds of cream required. 


| 19000 x an — 081 | 
O= ee = 89.86 


2 052 
40 = 
| a Ge | 
(2). To calculate the pounds of mix short after adding the 
cream. 


jane <.081) + (89.86 X.40) 
10000 + 89.86 


08 | 10000 + 8986) = 484.3 


08 


(3). To calculate the pounds of sugar required. 
U= (484.3+-89.86) * .18=74.64 

(4). To calculate the pounds of water required. 
W=—484.30—74.64—409.66 


Proof of Problem 30, Example 31: 


Materials Pounds Per Cent 
in 
Batch 
Fat M.S.N.F. | Sugar aise Fat M.S.N.F Sugar ES: 

Mix 10000 810.0 1370. 1300 3480.0 8.10 13.70 13.00 34.80 
Cream 90 36.0 BOO de Saaecte. 71.0 40.00 Oval. | eens 45.20 
Sugar 75S lee ee ae 75. oe eee 100.00 | 100.00 
Water 40D | rons ater Spevadecaversiettne | epemester eyo ovens nye cee ree ted a haiace esse vtsiNT RoR ie Blea eras 
After 

standard- 

izing 10574 846 1375 1375 3596 8.00 13.00 13.00 34.00 


PROBLEM 31: HOW TO CALCULATE WHEN THE FAT AND 
THE M.S. N. F. ARE BOTH UNDER THE STANDARD 
DESIRED. 

Butter, skim-milk powder and sugar are to be used for 
standardizing under this problem. Example 32 shows how to 
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solve this problem when using these products. Concentrated 
cream and condensed whole milk can also be used, as indicated 
by the solution under problem 32. 

Two methods of calculation are possible when using concen- 
trated cream and condensed whole milk. The second method as 
indicated under example 34 was originated by J. A. Cross. 


Solution of Problem 31, Based Upon Rule 28: 


(1). Subtract the percentage of fat in the mix from the per- 
centage of fat desired, and multiply the difference by the weight 
of the mix. Divide the product by the percentage of fat in the 
butter. The quotient will be the pounds of butter required. 

(2). Subtract the percentage of M.S. N. F. in the mix from 
the percentage of M.S. N. F. desired, and multiply the difference 
by the weight of the mix. Divide the answer by the percentage 
of T. S. in the skim-milk powder. The answer will be the pounds 
of skim-milk powder required. 

(3). The pounds of butter plus the pounds of skim-milk 
powder multiplied by the percentage of sugar required equals the 
pounds of sugar required. The pounds of butter plus the pounds 
of sugar plus the pounds of milk powder equals the total weight 
of material to be added for standardizing. 

(4). Another calculation is necessary to standardize the ma- 
terial added which itself requires to be standardized. Multiply 
the total weight of material added for standardizing by the per- 
centage of fat desired, and divide the product by the percentage 
of fat in the butter. The result equals the pounds of butter 
required. 

(5). Multiply the total weight of material added for standard- 
izing by the percentage of M. 8. N. F. desired and divide the 
product by the percentage of T. S. in skim-milk powder. The 
quotient equals the pounds of skim-milk powder required. 

(6). Multiply the total weight of materials added for stand- 
ardizing by the percentage of sugar desired. The product equals 
the pounds of sugar required. 

(7). The materials to be added under 3, plus the materials 
to be added under 4, 5, and 6, equals the total materials to be 
added in standardizing the batch. The batch will still not be 
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completely standardized because the products added under 5 and 
6 require to be standardized also. An unstandardized remainder 
can thus be continued indefinitely, but the amount gradually 
becomes smaller and as a rule only one extra standardization is 
necessary. 


Solution of Problem 31, Based Upon Formula 28: 
(1). To calculate the pounds of butter required. 


[Mx (A—F) ] 


Ot Ei 


(2). To calculate the pounds of skim-milk powder required. 


[Mx (B—N)] 
) 


(3). To calculate the pounds of sugar required. 


= 


U=(0'1+48') XV 
To caleulate the extra pounds of each material necessary to 
standardize the material added in the first standardization. 


(4). To calculate the pounds of butter required, second 
standardization. 


[(O-48'+U) A] 
Oe 


o'= 


(5). To calculate the pounds of skim-milk powder required, 
second standardization. 


[COM SU) B| 


= 
aS S 


(6). To calculate the pounds of sugar required, second 
standarization. 


US [(O-F8 eu yy] 


Note: In the second standardization the factors 01, S* and U 
in the formula to the right of the equality sign represent the 
pounds of butter, skim-milk powder, and sieae respectively, as 
determined in the first standardization. 
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Problem 31, Example 32. 


Per Cent 


Products Pounds 
Fat M.S.N.F.}| Sugar AS 
NDS Cas Seen Open eRe 10,000 7.60 12.10 13.00 32.70 
JEXVUGUGIE: «i taeloe agen eens seP Bee SOOO Per eee el eee 80.00 
Skim=-mulkspowderspes sea eases | eee. CBSCO «| ooass 95.00 
SUSU y wer ee tated ae Pap aien®, |e Clases rwenl| by 4D Ae tee 100.00 | 100.00 
Composition desired..... Resaesete ; 8.00 13.00 13.00 34.00 


Desired ratio of fat to M. S. N. F. in the mix is 1 to 1.625. 


Mix before standardizing contains .50 per cent gelatin which 
is included with the above M.S. N. F. 

Solution of Problem 31, Example 32, Based Upon Rule 28: 

(1). To calculate the pounds of butter required. 
8.00—7.60—.40, per cent of fat short. 

10000.00:x .004—40, pounds of fat short. 
40.00—.80—50, pounds of butter required. 

(2). To calculate the pounds of skim-milk powder required. 
13.00—12.10—.90, per cent of M.S. N. F. short. 

10000 .009=90, pounds of M.S. N. F. short. 
90+—.95—94.74, pounds of skim-milk powder short. 

(3). To calculate the pounds of sugar required. 
50+94.74=144.74, pounds of butter and skim-milk powder 

required. 
144.74 .13=18.82, pounds of sugar required. 

To calculate the extra pounds of each material necessary to 

standardize the material added in the first standardization. 

(4). To calculate the pounds of butter required. 
50-+94.74-+18.82—163.56, pounds of material added. 
163.56 .08=13.08, pounds of fat required. 
13.08--.80—16.36, pounds of butter required. 

(5). To calculate the pounds of skim-milk powder required. 
50-+94.74-+18.82—163.56, pounds of material added. 
163.56 .13—21.26, pounds of M.S. N. F. required. 

21 .26-.95—22.40, pounds of skim-milk powder required. 
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(6). To calculate the pounds of sugar required. 
50-+94.74-+18.82—163.36, pounds of material added. 
163.86 .18=21.26, pounds of sugar required. 

(7). To calculate total pounds of each material required. 


50-+16.36=66.36, pounds of butter required. 
94.741-22.40—117.14, pounds of skim-milk powder required. 
18.82+-21.26—40.08, pounds of sugar required. 


Solution to Problem 31, Example 32, Based Upon Formula 28: 
(1). To calculate the pounds of butter required. 


10000 (.08—.076) 
On sadieae 7-7) tae =50 
(2). To calculate the pounds of skim-milk powder required. 


10000 (.13—.121 
= at =94.74 


(3). To calculate the pounds of sugar required. 
U=(50+94.74) x .18=18.82 
(4). To calculate the pounds of butter required, second 
standardization. 
(50-4+-94.74418.82) X.08 


(5). To calculate the pounds of skim-milk required, second 
standardization. 


__ (504+-94.74-+18.82) X.13 


1 
: 95 


= 22.40 


(6). To calculate the pounds of sugar required, second 
standardization. 


U=(50-+94.74-+-18.82) & .1800=21.26 


The addition of butter and skim-milk powder is not practicable 


unless they can be added before the batch is pasteurized and 
homogenized. 
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Proof of Problem 31, Example 32. 


ane Pounds Per Cent 
eS Fat M.S.N-F. Sugar SUSE, Fat M.S.N.F. Sugar ES) 
Mix 1000 760.00} 1210.0 1300 3270 7.60 7S. 10 13.00 32.70 
Butter Gisela |. ORs poagndoeael Bopecedaral Rapala oe SOOO! | rere pee cee | anteater t ee 80.00 
Skim-milk | 
powder TV 714 rok cnes NOS al Poseentons LOS All Seasons URW Mecaod ones 95.00 
AR Nu | ns ws ee vessss....{ 100.00 {100.00 
Standardized . 
products 10223.00| 813.08} 1315.7 1340.08 | 3375.7 7.95 12.90 13.11 33.96 


PROBLEM 32: HOW TO CALCULATE WHEN THE FAT AND 
T. S. ARE BOTH UNDER THE STANDARD DESIRED. 
Solution of problem 32, based upon rule 29. Under this 
modification of problem 31, the use of concentrated cream and 
condensed whole milk is contemplated in effecting standardization. 


(1). Subtract the percentage of fat desired from the per- 
centage of fat in the mix. Multiply the remainder by the pounds 
of mix. Call the answer A. Divide the percentage of M.S. N. F. 
in the cream by the ratio between the fat and the M. 8S. N. F. 
desired and subtract the answer from the percentage of fat in the 
eream. Divide A by the remainder. The answer will be the 
pounds of cream required. 

(2). Multiply the pounds of cream required and the pounds 
of mix by their respective percentages of M.S. N. F. and add the 
two products together. Divide the sum by the combined pounds 
of mix and cream required. The answer will be the percentage of 
M.S. N. F. in the mixture. 

(3). Subtract the percentage of M. 8. N. F. in the mixture 
from the percentage of M. S. N. F. desired and multiply the 
combined pounds of mix and cream by the remainder. Call the 
product B, or the pounds of M. 8. N. F. short. Multiply the per- 
centage of fat in the condensed milk by the ratio, and subtract the 
answer from the percentage of M.S. N. F. in the condensed milk. 
Divide B by the remainder. The answer will be the pounds of 
condensed milk required. 

(4). Multiply the pounds of cream and condensed milk used 
by the percentage of sugar desired to obtain the pounds of sugar 


required. 
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Solution of Problem 32, Based Upon Formula 29: 
(1). To calculate the pounds of cream required to supply the 
fat short in the mix. 


O- AXP) xa | “= | c—-(j) | 


(2). To calculate the percentage of M. 8. N. F. in the mix 
after adding the cream. 
(OXD)+(MXN) 


Dr geen) 


(3). To calculate the pounds of condensed milk required after 
adding the cream. 


H!=(B—N’) x (M+0)+[F*x« (C*X RB) ] 

(4). To calculate the pounds of sugar required. 
U=(0-+-H')V. 

Problem 32, Example 33: 


Per Cent 
Products Pounds 
Fat M.S8.N.F.] Sugar aS: 
= = 
IVEisOite SEE ted tae ee ene 10,000 7.60 12.70 13.00 33.30 
Cream ci eee A td 40.00 GudOyos| eae 46 .00 
Condensed milk......... earn 10.50 Dye) (an || ee 36.00 
Composition desired..... Se? 8.00 13.00 13.00 34.00 


Desired ratio of fat to M. 8S. N. F. is 1 to 1.625. 


Mix before standardizing contains .50 per cent of gelatin 
which is included with the above M.S. N. F. 


Solution of Problem 32, Example 33, based Upon Rule 29: 


(1). To calculate the pounds of cream required to supply the 
fat short in the mix. 
8.00-—7.60—.40, per cent of fat short. 
10000 .004=40, pounds of fat short. 
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6.00-:-1.625=3.70, per cent of fat to equalize the M.S. N. F. 
in the cream. 
40.00—-3.70=36.30, per cent of fat available for standard- 
izing in the cream. 
40-:-.363=110.2, pounds of cream required. 
(2). To calculate the percentage of M. S. N. F. in the mix 
after adding the cream. 
110.2 .06=6.61, pounds of M.S. N. F. in the cream. 
10000 .127=1270, pounds of M. 8. N. F. in the original 
mix. 
1270+-6.12=1276.12, pounds in both. 
10000-++-110.2=10110.2, pounds of mix plus cream. 
1276.12—10110.2=12.62, per cent M. 8. N. F. in the mix- 


tures 
(3). To calculate the pounds of condensed milk required. 


13.00—12.62—.38, per cent of M. 8. N. F. short. 

10110.2« .0038—88.4, pounds of M.S. N. F. short. 

10.50 1.625=17.06, per cent of M.S. N. F. to equalize the 
fat in the condensed milk. 

25.5—17.06—8.44, per cent of M.S. N. F. available for 


standardizing in the condensed milk. 
38.40-—.0844—448, pounds of condensed milk required. 


(4). To calculate the pounds of sugar required 
4431110.2—553.2, pounds of cream and condensed milk. 
553.2 .18=73, pounds of sugar required. 

Solution of Problem 32, Example 33, Based Upon Formula 29: 

(1). To calculate the pounds of cream required to supply the 

fat short in the mix. 


.00—7.60) < 10000] 
ens 2 ES = 110.2 


[om -(28) 


(2). To calculate the percentage of M.S. N. F. in the mix after 
adding the cream. 
(110.2 6.00) + (10000 12.70) 
a [10000-+110.2] 


=12.62 
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(3). To calculate the pounds of condensed milk required after 
adding the cream. 
(1800 .1262)  (10000—110.2) 


oi 255 x (.105 1.625) 


(4). To calculate the pounds of sugar required. 
U=(110.2+-443) x.13=73.00 
Proof of Problem 32, Example 33: 


Pounds Per Cent 
Products 


Fat MS.N.F | Sugar TS: Fat | M.S.N.F.| Sugar T.S 


Mix 10000 | 760.00 | 1270 1300 | 3330 7.60] 12.70 | 13.00 | 33.30 
Cream) | 410.0) 44108 Cisne 50.2) 40.00 | 6.00 |.c-sccee 46.00 
Condensed 

Ghote tails ulime443.0) 46.6 latio.og le gee 159.47] 10.50 25.50 |........-. 36.00 
ee ew eee men 3B PTW ema pete A 100.00 | 100.00 
Signcariend 

Desdiet 10626.2| 850.59 | 1389.08} 1373 | 3612.67) 98.00) 13.07 | 12.92 | 33.00 


The above method of standardization does not give results 
that check out exactly, as the proof indicates. 


PROBLEM 33: HOW TO CALCULATE WHEN THE FAT AND 
THE M.S. N. F. ARE BOTH UNDER THE STANDARD 
DESIRED. ’ 

The problem is the same as problems 31 and 32. As in the 
case of these problems the use of concentrated cream and con- 
densed skim-milk or of butter and skim-milk powder is contem- 
plated in effecting standardization. The method of calculation 
shown under this problem is that originated by Jos. A. Cross. 
This method of calculation can be used upon problem 83, and 
also in the case of problems in which either the fat or T. S. are 
correct, but one or the other are low. 

Principles of Cross Method of Calculation. This method is 
based upon making the calculations for two theoretical mixtures 
of dairy products from materials on hand available for standard- 
izing. Mixture No. 1, to contain an excess of fat available for 
standardizing. Mixture No. 2, to contain an excess of M.S. N. F. 
available for standardizing. If the tests of the materials on 
hand are known, these calculations can be made before testing 
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the mix that is to be standardized, thereby saving time in making 
the final calculations. It is not necessary to make the actual 
mixtures of materials. The materials can be added in the pro- 
portions found necessary by the calculations. This method merits 
close study, and it is highly recommended since it gives abso- 
lutely accurate results all in one calculation. 

How to Calculate Theoretical Mixtures No. 1, in which the 
M.S. N. F. is Standard and the Fat is Above Standard. When 
standardizing material is added to a batch of ice cream mix, a 
proportionate amount of sugar must be incorporated in order to 
produce no change in the sugar content of the standardized batch. 
If a mix tests 14.94 per cent of M. 8. N. F. without sugar, it will 
test 13 per cent of S. N. F. after the correct amount of sugar is 
added in the case of a mix testing 8.00 per cent of fat, 13.00 per 
cent of M.S. N. F. and 13.00 per cent of sugar. This is found by 
subtracting 13.00 per cent of sugar from 100.00 and dividing 13.00 
per cent of M.S. N. F. by 87. Likewise this mix will contain 9.20 
per cent of fat found by dividing 8.00 per cent by 87. The fol- 
lowing mix is calculated to test 14.94 per cent of M.S. N. F. 

Materials to be used. Condensed skim-milk testing .50 per 
cent fat, 25.00 per cent S. N. F. and cream testing 40.00 per cent 
fat, 5.84 per cent M.S. N. F. Use Dr. Pearson’s method for mak- 
ing the calculation, and calculate the percentage of fat available 
for standardizing in the mixture, as follows: 


Cond. skim-milk=25.00 9.60 
14.94 


Cream=5).34 10.06 


10.06-+-9.60=19.66, sum of condensed skim-milk and cream 
units to use. 

9.60--19.66—48.80, per cent of condensed skim-milk. 

10.06--19.66=51.20, per cent of cream. 

51.2 parts of cream—20.46 parts of fat and 2.74 parts of 
M.S.N. F. 

48.80 parts of condensed skim-milk=.24 parts of fat and 
12.20 parts of M.S. N. F. 
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100.0=20.70 parts of fat, 14.94 parts of M. 8. N. F. 


20.7—9.20=11.50;, available per cent of fat in the mixture 
which can be used for standardizing. 

As ealeulated above, a mixture of 48.8 parts of 40 per cent 
eream and 51.2 parts of 25 per cent condensed skim-milk will 
test 14.94 per cent in solids not fat, which will be reduced to 13 
per cent after the proper amount of sugar is added to the mix. 
Any desired amount of this mixture may be added to a batch of 
ice cream mix testing 13 per cent S. N. F. without changing S. N. 
F. test of the standardized mix. It tests, however, 11.50 per cent 
higher than standard in butter fat and every 100 pounds added 
(plus 14.94 pounds of sugar) will make up a deficit of 11.5 pounds 
of fat in the mix to be standardized and will leave the percentage 
of M. 8. N. F. and the percentage of sugar unchanged. 


It is, of course, unnecessary to actually make up this mixture. 
If the tests of the mixture to be standardized shows that it is 
standard in M.S. N. F. but requires 11.5 pounds of fat, add 48.8 
pounds of the condensed and 51.2 pounds of 40 per cent cream 
and 14.94 pounds of sugar. If the deficit is 23 pounds of fat add 
twice the above amounts ete. 


Other combinations using cream of different percentages and 
condensed milk of different concentration may be calculated and 
a record of the proportions necessary should be kept on file. These 
combinations may be made to cover any composition of mix de- 
sired. 


A few combinations of commonly used standardizing materials 
are given in Table 60. These are all based upon a mix contain- 
ing 8.00 per cent fat, 13.00 per cent of M. 8. N. F., 18.00 per cent 
of sugar, making 34.00 per cent T. S. All of them will test 14.94 
per cent of solids not fat and will have fat in excess and avail- 
able for standardizing as indicated. 


How to Calculate Theoretical Mixture No. 2 in Which the Fat 
is Standard and the M.S. N. F. is Above Standard. The ecalcula- 
tion of this.mixture is the same as in the ease of mixture No. 1 
except that it is made standard in fat, and used to raise the 
M.S. N. F. test of the mix to be standardized. In order to test 
8.00 per cent of fat after sugar is added the, mixture must test 
9.20 per cent before adding the sugar, if it is to contain 13.00 


per cent of sugar. 
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Therefore, the following is calculated to test 
9.20 per cent of fat and as much above 14.94 per cent of M.S. N. F. 
as possible. 


Materials to be used—40.00 per cent cream testing 5.34 per 
cent of M.S. N. F. and condensed skim-milk testing .50 per cent 
of fat, 25.00 per cent of M.S. N. F. 


TABLE 60 
A few combinations of cream and condensed milk containing an excess 
of fat available for standardizing. 

Percentage 

Com- Cream Condensed Milk Parts Fat in 
bination a - Parts Condensed | Mixture 
No. Per Cent Per Cent Cream Milk to Available 
to Use Use for Stand- 

Fat M. SNE Fat M.S.N. F. ardizing 

1 20.00 7.12 50 | 25.00 || 63.35 | 36.65 3.65 

2, 25.00 6.75 .50 25.00 5) WP 44.88 4.80 

3 30.00 6328 .50 25.00 53.60 46.40 6.11 

4 40.00 7.80 7.80 17.70 22.30 TES TAD 5.78 

5 40.00 nee 5.00 25.00 Oleh 48 .83 13.71 


Use Dr. Pearson’s method for making 
calculate the percentage of M.S. N. F. available for standardizing 


in the mixture as follows: 


Cream=40.00 


9.20 


Cond. skim-milk 


8.7+30.8=39.5 


8.70-—.896—=22, per cent of cream. 
30.80-—.396=78, per cent of condensed skim-milk . 


the caleulation and 


8.7 


30.8 


78 parts of condensed skim-milk contains .40 parts fat, 19.5 
parts M.S. N. F. 
22 parts of cream contains 8.80 parts fat, 1.17 parts M.S. N. F. 
100 parts of the mixture contain 9.20 parts fat 20.67, parts 
MeN, EF. 
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20.67—14.94=5.73, per cent of M.S. N. F. above standard and 
available for raising the M. S. N. F. test of low testing ice cream 
mix. 


As calculated above, a mixture of 78 parts of condensed skim- 
milk and 22 parts of cream will make a mix testing standard in 
fat, after 14.94 pounds of sugar is added per hundred. It will 
test, however, 5.73 per cent higher in M. S. N. F. than standard 
and therefore every hundred pounds added to an ice cream mix 
(with the proper amount of sugar) will make up a deficit of 
5.73 pounds of M. 8. N. F. without changing either the fat or the 
sugar test of the final mix. 


Other combinations of dairy products with different tests are 
given in Table 61. Each will test standard in fat but will have 
an excess of M.S. N. F. as indicated. 


TABLE 61 


A few combinations of dairy products, containing an excess of M. S. N. F. 
available for standardizing. 


Cream Condensed Milk Peseoutaes 
i- ig f P. 
fecee Per Cent Per Cent Cream || Condensed |. Seo Nar 
YO. to Use Milk to | Available for 
Fat |M.S.N.F.| Fat |M.S.N.F. Use Standardizing 
6 20.00 eee, .50 25.00 44.60 55.40 2.08 
7 30.00 6.23 .50 25.00 29.50 70.50 4.52 
8 40.00 5.34 7.80 17.70 4.35 95.65 2.22 
9 40.00 5.34 5.00 25.00 12.00 88.00 7.70 
Butter] Skim-mil/k powdelr BurTeR | SSoWpeR 
10 83.00 1.00 1.00 95.00 10.00 90.00 69.66 
\ 


Having calculated the theoretical mixtures Nos. 1 and 2, and 
calculated the available percentage of fat and M. S. N. F. respec- 
tively, it then becomes a simple matter to calculate the pounds 
of dairy preducts and sugar necessary to add to raise the test 
of the mix to the point desired. 


The method of calculation recommended is fully illustrated 
under example 34. 
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Problem 33, Example 34: 


Per Cent 
Products Pounds es 
Fat M.S.N.F.| Sugar 4h iSk 
Mix before standardizing| 10,000 7.80 12.60 13.00 33.40 
(OIE t hat og ae ee ROO Petes 40.00 40 ele eee 45.40 
Condensed milk......... eer koe .50 ASAD || soces 26.00 
Composition desired.....] ...... 8.00 13.00 13.00 34.00 


Ratio of fat to M. S. N. F. desired is 1 to 1.625. 


Mix before standardizing contains .50 per cent gelatin which 
is included with the above M.S. N. F. 

Solution of Problem 33, Example 34, Based Upon Calculation 
only. 

(1). To calculate the fat, and M. S. N. F. to provide, when 
sugar is to be added after standardizing. Also to calculate the 
percentage of sugar necessary when this is added to the standard- 
ized mix. 

100—13—87.00, per cent of total products in mix besides 
sugar. 

8.00-—.87=9.20, per cent of fat that the mix should con- 
tain if sugar is to be added after standardizing. 

13.00-—.87=14.94, per cent of M. 8. N. F. the mix should 
contain if sugar is to be added after standardizing. 

13.00--.87=14.94, per cent of sugar to add to milk 
products only to yield a mix containing 13.00 per cent 
of sugar. 

(2). To calculate the fat available for standardizing in 
theoretical mixture No. 1. 


Condensed skim-milk—25.00 9.54 


= 


Cream=5.40 10.06 


So 
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14.94 5.40—9.54, the units of condensed skim-milk to use. 

25.00—14.94—=10.06, the units of cream to use. 

9.54-+-10.06=19.60, the sum of the condensed skim-milk and 
cream units to use. 

9.54-+.196=48.67, the per cent of condensed skim-milk to 
use. 

10.06—.196=51.33, the per cent of cream to use. 

48.67 .50=.24, per cent of fat in mixture derived from 
condensed skim-milk. 

51.33 .40=20.53, per cent of fat in mixture derived from 
cream. 

20.53-++.24—20.77, per cent of fat in mixture derived from 
both condensed skim-milk and cream. 

20.77—9.20—11.57, per cent of fat in mixture No. 1, avail- 
able for standardizing. 


(3). To calculate the available M. 8S. N. F. in theoretical 


mixture No. 2. 


Cream 40.00 8.20 
9.20 
Condensed 
skim-milk 1.00 30.80 


. 40.00—9.20—30.80, units of condensed skim-milk to use. 


9.20—1.00=8.20, units of cream to use. 

8.20+30.80—39.00, the sum of the condensed milk and 
cream units to use. 

30.80—.39=78.97, the per cent of condensed skim-milk 
required. 

8.20--.39=21.03, the per cent of cream to use. 

78.97 X.25=19.74, the per cent of M. 8. N. F. in the 
mixture derived from the condensed skim-milk. 

21.03 .054=1.14, the per cent of M.S. N. F. in the mixture 
derived from the cream. 

19.74-++1.14—20.88, the per cent of M. S. N. F. in the mix- 


ture derived from both the condensed skim-milk and 
cream. 
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20.88—14.94—5.94, the per cent of M. 8. N. F. in mixture 
No. 2 available for standardizing. 


(3). To calculate the pounds of fat short and the pounds of 
mixture No. 1 required to provide the pounds of fat short. 
8.00—7.80=.20, the per cent of fat short. 
10000 .004=40, pounds of M.S. N. F. short. 
20-+-.1157=178, pounds of mixture No. 1 required. 


(4). To calculate the pounds of M. 8. N. F. short, and the 
pounds of mixture No. 2 required to provide the pounds of 
M. 8S. N. F. short. 

13.00—12.60—.40, per cent of M.S. N. F. short. 
10000 .40=40, pounds of M. 8. N. F. short. - 
40.00——.0594—675, pounds of mixture No. 2 required. 


(5). To calculate the pounds of cream and condensed skim- 
milk required under 3 and 4, also the extra sugar required. 


173 X .5138=—88.80, pounds of cream required from mixture 
Now: 

674 .2108=141.53, pounds of cream required from mix- 
ture No. 2. 

88.80+141.53= 230.44, total pounds of cream required. 

173 .4867=84.20, pounds of condensed skim-milk required 
from mixture No. 1. 

673 X.7897=531.47, pounds of condensed skim-milk re- 
quired from mixture No. 2. 

84.20-+531.47=615.66, total pounds of condensed skim- 
milk required. 

230.33-+-615.66=845.99, total pounds of cream and con- 
densed skim-milk required. 

845.99 .1494=126.39, pounds of sugar required in stand- 

ardizing. 

Therefore add for standardizing: 

230.33 pounds of 40.00 per cent cream. 

615.66 pounds of 25.00 per cent condensed skim-milk. 

109.98 pounds of sugar. 


955.97 pounds total. 
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Proof of Problem 33, Example 34: 


Pounds Per Cent 
Products 
Fat MAS.N.F. Sugar Tass Fat M.S.N.F. Sugar AUas) 

Mix before a 
standardizing}10000.00} 780.00 | 1260.00 | 1300.00 |........ 7.80 12.60 13.00 33.40 
Cream 230.00] 92.13 TOSAG Ne raver ce lietecetcieeshecs 40.00 BAO ee ceryeece 45.40 
Condensed 
skim-mik 615.66} 3.08 ES EC Re eaogreal tonranes 50 QHROOW aie strenies oe 26.00 
Sugar 126539] pric s|'-.eecieseite TOL EE INR Ie SAS rs eo cred homers octiry fink ton oleic 100.00 
Mix after 
standardizing|10955.97| 875.21 | 1426.36 | 1426.39 | 3727.96} 8.00 13.00 13.00 34.00 


PROBLEM 34: HOW TO CALCULATE WHEN THE FAT IS OVER 
AND THE M. S. N. F. OR THE T. S. UNDER THE STANDARD 
DESIRED. ALSO WHEN THE PERCENTAGES OF FAT 
AND M. S. N. F. OR T. S. ARE OVER THE STANDARD 
DESIRED BUT WITH THE FAT IN A HIGHER 
RATIO THAN THE T. S. 

Skim-milk powder, sugar and water are to be added for 
standardizing. The calculation in problem 33, example 34, can be 
applied to the solution of this problem. However, after getting 
the M.S. N. F. in the proper ratio to the fat, water is to be added 
to bring the mix back to the standard desired. 


Solution of Problem 34, Based Upon Rule 29: 


(1). Subtract the percentage of fat desired from the per- 
centage of fat in the mix, and multiply the remainder by the 
weight of the mix. Divide the result by the percentage of fat 
desired. The quotient equals the pounds of mix short. 

(2). Multiply the percentage of fat in the mix by the ratio 
of fat desired to M.S. N. F. desired, and from the result subtract 
the percentage of M. 8S. N. F. in the batch. Multiply the re- 
mainder by the number of pounds in the batch, and divide the 
product by the percentage of M.S. N. F. in the skim-milk powder. 
The quotient equals the number of pounds of skim-milk powder 
required. 

(3). Multiply the pounds of mix short by the percentage of 
sugar desired. The product equals the pounds of sugar required. 

(4). The number of pounds of sugar required plus the number 
of pounds of skim-milk powder required subtracted from the 
number of pounds of mix short equals the npc? of pounds 
of water to add. 
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Solution Problem 34, Based Upon Formula 29a: 
(1). To calculate the pounds of mix short. 


EA) eM 

Shea 

(2). To calculate the pounds of skim-milk powder required. 
[(FXR)—NXM] 


K 


Sa 3 
(3). To calculate the pounds of sugar required. 
U=KxV 


(4). To calculate the pounds of water required. 
W=M—(U—S?') 
Problem 34, Example 35: 


Per Cent 
Products Pounds |— 
Fat M.S.N.F.| Sugar ap, Ss 
IY Bs Rm ee bed eae on he 10,000 8.24 12.70 13.00 33.94 
Skene TaN aansosll weoonn || wave 95008 Pee 95.00 
DSUSAT ney eee. ae ate TE BKO. OCI hs Arcee al Aa estates 100. 100.00 
Composition desired..... Pate 8.00 13.00 13.00 34.00 


Desired ratio of fat to M. S. N. F. is 1 to 1.625. 


Mix before standardizing contains .50 per cent of gelatin, 
which is included with the M.S. N. F. 


Solution of Problem 34, Example 35, Based Upon Rule 29: 


(1). To calculate the pounds of mix short. 
8.24 8.00—.24, per cent of excess fat. 
10000 .0024=24, pounds of excess fat. 
24-.08=300, pounds of mix short. 


(2). To calculate the pounds of skim-milk powder required. 
8.24 1.625=13.39, per cent of M.S. N. F. to equalize the 
fat in the batch. 
13.39—12.70=.69, per cent of M. S. N. F. short. 
10000 .0069=69, pounds of M.S. N. F. short. 
69-:-.95—72.63, pounds of milk powder required. 
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(3). To calculate the pounds of sugar required. 
300 .1300=39, pounds of sugar required. 


(4). To calculate the pounds of water required. 
72.63-+-389=111.63, pounds of sugar and milk powder. 
300—112—=188, pounds of water required. 

Solution of Problem 34, Example 35, Based Upon Formula 29a: 


(1). To calculate the pounds of mix short. 


re (.0824—.0800) 10000 __ 


.08 oe 


(2). To calculate the pounds of skim-milk powder required. 


[ (0824 1.625)—.1270] X10000 _ 
95 = 


72.63 


(3). To calculate the pounds of sugar required. 
U=s800 .13=39 
(4). To calculate the pounds of water required. 


W=300—(72.63-L39) —188 


Proof of Problem 34, Example 35. 


Pounds Per Cent 
Products 
Fat M.S.N.F. Sugar Ts: Fat M.S.N.F. Sugar eS: 
Mix 10000. 00 824 1270 1300 3394 8.24 12.70 13.00 33.94 
Ckim-milk 
powder 17403) locaosous 69. ieee: GOVE || eeccres 9800) ie tenata | 95.00 
Sugar 89 00|(e.evisrerstes Prosar rens 39 OD) Allsversee caine lleytecepnrce ares 100.00 100.00 
Water LSB STI a yesosa tote eccrsseteVore vote elicits aye Aetats Bed /spccodarsiay eye |lvestve cheveesil isc oeowerere ser (roped tetera teen cee ae 
Standardized ea 
product 10300.00 824 1339 1339 3502 8.00 13.00 13.00 34.00 


Note: No account was taken of the small amount of fat in 


the skim-milk powder used. The addition of skim-milk powder 
is not practicable unless this can be added to the batch at 
pasteurizing temperatures. 
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PROBLEM 35: HOW TO CALCULATE WHEN THE PERCENTAGES 
OF FAT AND M. S. N. F. ARE BOTH OVER THE STANDARD 
DESIRED BUT WITH THE FAT IN A HIGHER RATIO 
THAN THE M.S.N. F. 


Skim-milk powder, sugar and water are to be added for 
standardizing. 

The calculation in problem 33, example 34, can be applied to 
the solution of this problem. However, after getting the M. S. 
N. F. in the proper ratio to the fat, water is to be added to bring 
the mix back to the standard desired. 

Solution of Problem 35, Based Upon Rule 30: 

(1). Subtract the percentage of fat desired from the per- 
centage of fat in the mix, and multiply the rémainder by the 
pounds of mix. Divide the product by the percentage of fat 
desired in the mix and the result equals the pounds of mix short. 

(2). Multiply the percentage of fat in the batch by the ratio 
of fat to M. 8S. N. F., and subtract from the product the per- 
centage of M.S. N. F. in the batch. Multiply the remainder by 
the pounds in the batch and divide the product by the percentage 
of M.S. N. F. in the skim-milk powder. The quotient equals the 
pounds of skim-milk powder required. 

(3). Multiply the pounds of mix short by the percentage of 
sugar desired. The product equals the pounds of sugar required. 

(4). The pounds of sugar required plus the pounds of skim- 
milk powder required subtracted from the pounds of mix short 
equals the pounds of water required. 

Solution of Problem 35, Based Upon Formula 30: 


(1). To calculate the pounds of mix short. 
(F—A)xM 
aa A 
(2). To calculate the pounds of skim-milk powder required. 
[(FXR)—N] XM 


See g 
(3). To calculate the pounds of sugar required. 


(4). To calculate the pounds of water required. 
w=K—(S'—U) 
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Problem 35, Example 35: 


Per Cent 
Products Pounds 
Fat |M.S.N.F.| Sugar ABA ISE 
IM 6D eA ete ee ee Placer” 10,000 8.30 13.20 13.00 34.50 
Skim-milk powder....... Sr ontele Meese SAO Ah Saves 95.00 
USAT A pear pent eee cpr ie. nl S eaeve elias Ripe oer 100.00 | 100.00 
Composition desired.....| ...... 9.00 13.00 13.00 34.00 


Desired ratio of fat to M. S. N. F. is 1 to 1.625. 


The mix before standardizing contains .50 per cent of gelatin 
which is included with the M. 8. N. F. 

Solution of Problem 35, Example 36, Based Upon Rule 30. 

(1). To calculate the pounds of mix short. 
8.30-—8.00—.30, per cent of fat in excess. 

10000 .0030=30, pounds of fat in excess. 
30+.08=375, pounds of mix short. 

(2). To calculate the pounds of skim-milk powder required. 
1.625 8.30=13.48, per cent of M. S. N. F. necessary to 

standardize the fat in the batch. 
13.48—13.20=.28, per cent of M.S. N. F. short. 
.0028 < 10000—28, pounds of M. 8S. N. F. short. 
28--.95=29.47, pounds of milk powder required. 

(3). To calculate the pounds of sugar required. 

375 X .1300=48.75, pounds of sugar required. 

(4). To calculate the pounds of water required. 
48.75-+-29.47—78.22, pounds of sugar and powder required. 
3875—78.22—296, pounds of water required. 

Solution of Problem 35, Example 36, Based Upon Formula 30: 

(1). To calculate the pounds of mix short. 

ee (083.080) < 10000 rH 
.08 
(2). To calculate the pounds of skim-milk powder required. 


[ (.083 1.625) —.132] 10000 
Se es Ix — Ory 
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(3). To calculate the pounds of sugar required. 
U=375X .1800=48.75 


(4). To calculate the pounds of water required. 
W=875— (29.47-+-48.75) =296. 
Proof of Problem 35, Example 36. 
PEoiets Pounds Per Cent 
Fat M.S.N.F. Sugar ANAS Fat M.S.N.F. Sugar TEAS) 

Mix 10000.00) 830 1320 1300 3450 8.30 13.20 13.00 34.50 
Skim-milk 
powder OVA TC erercaeh P) ae rerecid ones DSi listen crete QB OO. | revises soul 95.00 
Sugar za) (eee tea cea | eae ae 48.75 BBETO) | inte ctasiets||iciereronte siete 100.00 100.00 
Water ZIG OD sare re ce.cini Wielo, oh eteva/e yore | o-ssstcelu ate lots allorasenerare ctel| (va) abe tel o¥etefetaattvepsreyete oll aie) cislarstave corel tisyayetaPevs wine 
Standardized is 
product 10374.22} 830 1348 1348 3526 8.00 13.00 13.00 34.00 


PROBLEM 36: HOW TO CALCULATE WHEN THE PERCENTAGES 
OF FAT AND M.S. N. F. ARE BOTH OVER THE STANDARD 
DESIRED MAKING IT NECESSARY TO ADD SUGAR 
AND WATER ONLY. 


Solution of Problem 36, Based Upon Rule 31: 

(1). Subtract the percentage of fat desired from the per- 
centage of fat in the mix and multiply the pounds of mix by the 
difference. Divide the product by the percentage of fat desired. 
The answer will be the pounds of mix short. 

(2). Multiply the pounds of mix short by the per cent of 
sugar desired. The answer will be the pounds of sugar required. 

(3). Subtract the pounds of sugar required from the pounds 
of mix short. The answer wil be the pounds of water required. 

Solution of Problem 36, Based Upon Formula 31: 

(1). To calculate the pounds of mix short. 

(F—A) M 
a A 


(2). To calculate the pounds of sugar to add. 
WESKS<V: 

(3). To calculate the pounds of water required. 
W=K—U 
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Problem 36, Example 37: 


Per Cent 
Products Pounds 
Fat |M.S.N.F.| Sugar aS: 
IN Tice, Fee pte oaecate ea 10,000 8.20 13.25 13.00 34.52 
Sulack ere mts ce en ates || mene CN tacos 100.00 | 100.00 
Composition desired.....| ...... 8.00 13.00 13.00 34.00 


Solution of Problem 36, Example 37, Based Upon Rule 31: 


(1). To calculate the pounds of mix short. 


8.20—8.00—.20, per cent of fat in excess. 
10000 .0020—20, pounds of fat in excess. 
20--.08—=250, pounds of mix short. 

(2). To calculate the pounds of sugar required. 
250 .18=32.50, pounds of sugar required. 
(3). To calculate the pounds of water required. 

250—32.50—217.5, pounds of water required. 


Solution of Problem 36, Example 37, Based Upon Formula 31: 
(1). To calculate the pounds of mix short. 


.082—.080) 10000 
K= \ 0 “ =250 


(2). To calculate the pounds of sugar to add. 
U==250<1g= 32:50 


(3). To calculate the pounds of water to add. 
W=250—32.50=217.5 


Proof of Problem 36, Example 37: 


oi) 
Pounds Per Cent 
Products ce 
Fat M.S.N.F. Sugar TSS: Fat M.S.N.F.| Sugar TS; 

Mix 10000.00) 820 1332.5 1300 | 3452.5] 8.20 13.325 13.00 34.525 
Sugar BY] earmerel a aodac o 32.50 SZ Ollerete aera hexose ae 100.00 ~ 100.00 
Water PAW ae 10] ener Bren cee oko aes vcvdl lol: bro cranial Meeeaceal Ie acmeateneien bards. Smullin ioe aes 
Standardized 7 
product 10250.00) 820 1332.5 1332.5 | 3485.0 | 8.00 13.00 13.00 34.00 
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HOW TO CALCULATE WHEN USING SWEETENED CONDENSED 
SKIM-MILK IN ICE CREAM MIX. 


Sweetened condensed skim-milk can be used in the ice cream 
mix to furnish the entire sweetening necessary. The balance of 
the fat and M.S. N. F. can be made up by using cream or butter, 
and whole milk. Sweetened condensed skim-milk is an economi- 
eal substance to use. A good quality may be purchased from 
reliable firms and stored, and it will keep indefinitely. It also 
has the advantage of being very easy to use. It would un- 
doubtedly be used to a much greater extent than it is at present 
if manufacturers had formulas which would give good results 
when properly worked out. 

The method of calculation given herewith for using this prod- 
uct was originated largely by J. A. Cross. 

The average composition of sweetened condensed skim-milk 
is about 1.00 per cent fat, 28.00 per cent M.S. N. F. and 41.00 
per cent sugar. All of these values are subject to fluctuations 
so that the actual test of the product should be ascertained. 

In these calculations it is assumed that the M. S. N. F. in 
skim-milk serum is 8.90 per cent. This can be found exactly for 
any product by subtracting the percentage of fat in the product 
from 100 and dividing the percentage of M. S. N. F. by the 
remainder. 

Example: Whole milk tests 3.75 per cent fat, 8.60 per cent 
Mose N. EF: 

Solution: 

8.60 
(100.00—3.75) 

The above problem is solved herewith by rule, formula, and 
example. A new set of factors differing from those previously 
used in this chapter, are used in the formulas. 


=8.98, or per cent of M.S.N.F. in skim-milk serum. 


KEY TO FACTORS IN FORMULAS FOR USING SWEETENED 
CONDENSED SKIM-MILK. 
A=The percentage of sugar desired. 
B=The percentage of sugar in the sweetened condensed skim- 


milk. 
C—The pounds of sweetened condensed skim-milk necessary 


to provide the sugar required. 
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D=The percentage of M. S. N. F. in the sweetened condensed 
skim-milk, 

E=The pounds of M. S. N. F. in the sweetened condensed 
skim-milk, 

F=The pounds of M. S. N. F. in the entire batch of mix. 

G—The average percentage of M. S. N. F. in skim-milk serum. 

H=The pounds of skim-milk serum required. 

I =The pounds of fat required for the entire batch. 

J=The pounds of fat contained in the sweetened condensed 
skim-milk. 

K=The pounds of cream required. 

L=The percentage of fat in K. 

M=The percentage of fat in the whole milk. 

N=The percentage of fat in the butter. 

O=The pounds of butter required. 

P=The pounds of whole milk required. 

Q=The pounds of mix desired. 

R=The pounds of sugar required. 

S=The percentage of M.S. N. F. desired. 

T=The percentage of fat required. 

U=The percentage of fat in sweetened condensed skim-milk. 


Problem 37. How to Calculate When Using Sweetened Con- 
densed Skim-milk in Ice Cream Mix. : 


Solution of Problem 37, Based Upon Rule 32: 


(1). To calculate the pounds of sweetened condensed milk 
necessary to furnish the sugar required. Multiply the pounds of 
mix desired by the percentage of sugar desired and divide by 
the percentage of sugar in the sweetened condnsed skim-milk. 
Call the answer A, or the pounds of sweetened condensed skim- 
milk required for the entire batch of mix to be made. 


(2). To calculate the pounds of skim-milk serum required. 
Multiply the pounds of mix desired by the percentage of M. S. 
N. F. desired, and subtract the answer from the pounds of 
M. 8. N. F. in the sweetened condensed skim-milk required, 
found by multiplying the pounds of sweetened condensed skim- 
milk by the percentage of M. S. N. F. contained in the same. 
Call the remainder B, or the pounds of M. 8S. N. F. to be supplied 
by cream or whole milk. Divide B by 8.90 (the average M. S. 
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N. F. test of skim-milk serum), and call the answer ©, or the 
pounds of skim-milk serum required. 

(3). To calculate the pounds of cream required and the per- 
centage of fat in the same. Multiply the pounds of mix desired, 
by the percentage of fat desired. Subtract from the answer the 
pounds of fat in the sweetened condensed skim-milk found by 
multiplying the pounds of sweetened condensed skim-milk re- 
quired by the percentage of fat in the same. Call the answer D, 
or the pounds of fat to be supplied by the cream. 

C+D=H, pounds of cream required. 
D—E= Percentage of fat necessary in EH. 

(4). To calculate the pounds of whole milk, cream, or butter 
to use. Subtract from the percentage of fat in H, the percentage 
of fat in the whole milk, and divide the remainder by the 
difference between the percentage of fat in the butter and the 
percentage of fat in the whole milk. Multiply the answer by E. 
Call the result F, or the pounds of butter required. E—F=the 
pounds of whole milk required. 


Solution Problem 37 Based Upon Formula 32: 
(1). To calculate the pounds of sweetened condensed skim- 
milk necessary to furnish the sugar required. 


QxA 
Cane 
(2). To calculate the pounds of skim-milk serum required. 
_(QX8)—(CXD) 
- G 
(3). To calculate the pounds of cream required. 
K=(QxT)—(CXU+H 
(4). To calculate the percentage of fat required in the cream. 
(QXT)—(CXU) 
K 
(5). To calculate the pounds of whole milk and butter to use. 
(N—M) 
~ (L=M) 
P=K—O 


== 
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Problem 37, Example 38. 


Pounds Per Cent 

Sra Fat M.S.N.F. Sugar Ale, Sh Fat M.S.N.F. Sugar TS) 
\Wiwidralle | seeancellpoocoaddl poop auvne| Hoconagedel Baapocde 3.50 S260 |e seecaieas 12.00 
Biya sas éanolyeosoaud andocccad|lpnocoacodnl|Incsodone 83.00 1,50! || sayebre seis 84.50 
Sweetened x 
ceeerite A sitar Go lek orkaad enna Goa piecemeal idaren ae 1.00 28.00 41.00 70.00 
(CARI 9 lkgeososs| laconsead lbabdooocd| sendsohnculInooodood asccaent) IBpOtddose|peobe notee 88.00 
WE heb aaccallsados i Seater elle ereroreteterevat) Ctetecesseteee'| seiste reste tel teuepereredes torevallletel state afatetelflsysistoielatelareza 
Pounds and 
Chant dead 10,000 | 800.00 | 1250.0 | 1300.0 | 3400.00} 8.00 12.50 13.00 34.00 


Solution of Problem 37, Example 38, Based Upon Rule 32. 


(1)Lo calculate the pounds of sweetened condensed skim- 
milk required. 
10000 .183=1300, pounds of sugar required. 
1300—.41—3171, pounds of sweetened condensed skim- 
milk required to furnish the sugar. 
(2). To calculate the pounds of skim-milk serum required. 
10000 .125=1250, pounds of M.S. N. F. required. 
3171 .28=887.9, pounds of M. 8S. N. F. in the sweetened 
condensed skim-milk. : 
1250—887.9—362.10, pounds of M. 8S. N. F. to be supplied 
by the whole milk and the butter. 
362.10-—.089=4069, pounds of skim-milk serum required. 
(3). To calculate the pounds of cream required. 
10000> .08=800, pounds of fat required. 
3171X.01=31.7, pounds of fat in the sweetened condensed 
skim-milk. 
800—31.7=768.3, pounds of fat to be supplied from whole 
milk and butter. 
4069-+-768.3—4837.3, pounds of cream required. 
768.38--4837.3—=15.88, per cent fat required in the cream. 


(4). To calculate the pounds of whole milk and butter to use. 
(.1588—.0350) 
(.8300—.0350) <4837—753.5, pounds of butter required. 


4837.3—753.5=4083.8, pounds of whole milk required. 
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Solution Problem 37, Example 38, Based Upon Formula 32: 


(1). To calculate the pounds of sweetened condensed milk 
necessary to furnish the sugar required. 


4 10000 13 E 
= aT aed i) 
(2). To calculate the pounds of M. S. N. F. required. 
10000 .125)— (3171.28 
H—' ceil s ) 4069 
.089 
(3). To calculate the pounds of cream required. 


K= (10000 .08)—(3171>.01) +4069—4837.3 
(4). 


To calculate the percentage of fat required in the cream. 
= (10000 .08) —(3171.01) 


4837.3 Fee 


(5). 


To calculate the pounds of whole milk and butter to use. 


SEC OI 
= 0s0on Vea | 


P=4837.38—753.5=4083.8 


Proof Problem 37, Example 38. 


Pounds Per Cent 
Products 
Fat M.S.N.F. Sugar sis Fat | M.S.N.F. Sugar Ss 

Whole milk | 4083.8 | 142.9 BbIGL | Rar soweee 494.0] 3.50 SHGOU | |Reneerieece 12.10 
Butter 753.5 | 625.4 ae NiSecenteaoe 636.7 | 83.00 TE BO herent 84.50 
Sweetened 
condensed 
skim-milk 3171 Byler 887.8 1300.0 | 2219.6} 1.00 28.00 41.00 70.00 
Gelatin BONO!" |e yeerroae (Sesmrcoreerst: a cieten cores BA ON Gers, harpetal teeters warete-e.0 | ovarsierwarcne 88.00 
Water [OAD 7 meena | Mey sve ra oy | cmeresicheie care | ieteseteiesacies| sbarosacodessestllarsiatersiererecsta|tevatererotansrats fare avabesereyarte 
Pounds and 
oooren 
of mix 0 
tained 10000 | 800.0} 1250.2 | pci tae 3394.3 | 8.00 12.50 13.00 33.94 


In the above proof the percentage of T. 8. is slightly lower 
than desired, due to water contained in gelatin, but close enough 
under usual conditions of manufacture. 
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Recipe For Using Sweetened Condensed Skim-milk. 


Upon the basis of the above solution the following recipe can 
be used, the same being based upon 100 pounds of mix. 
48.4 pounds of cream testing 16.00 per cent fat. 
31.7 pounds of sweetened condensed skim-milk. 
.5 pounds of gelatin. 
19.4 pounds of water. 
100.0 pounds of total mix, testing 8.00 per cent fat; 12.50 
per cent M. 8. N. F.; 13.00 per cent sugar; .50 per cent 
gelatin; and 34.00 per cent T. S. 
Whole milk, cream or butter of any composition can be sub- 
stituted for the cream testing 16.00 per cent of fat, by using the 
foregoing methods of calculation. 


Batches containing any desired number of gallons can be 
compounded upon the basis of the above recipe by multiplying 
the number of gallons desired by the pounds per gallon, and in 
turn the multiples of 100 pounds desired by the pounds given in 
the above recipe. 


HOW TO CALCULATE FROM TABLES THE AMOUNT OF 
SWEETENED CONDENSED SKIM-MILK TO USE. 


For the benefit of the ice cream maker mixing different sized 
batches, a great deal of calculation is eliminated and mistakes 
avoided by making out tables for his use, showing the exact 
number of pounds of each material necessary in all ordinary 
sizes of batches. The following tables may prove useful. They 
are in use in a number of factories, and give uniformly satis- 
factory results. The variations in fat tests of the different 
products cause some variation in the tests of finished products, 


but these may be easily adjusted by standardizing the finished 
mix. 


In Table 62 and 63 the gallons of ice cream mix desired are 
noted at the top, materials to be used at the side, and the pounds 
of each material necessary directly under the number of gallons. 
These tables and those given in Table 64 are calculated to 
produce an ice cream mix testing 8.00 per cent fat, 12.50 per 
cent M. S. N. F., .50 per cent gelatin, 13.00 per cent sugar and 
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34.00 per cent T. S. All products named have the same composi- 
tion as given under Problem 87, Example 38. 


TABLE 62. 


Table for making various gallons of ice cream mix using sweetened 
condensed skim-milk and other products. Composition as named above. 


Products Total number gallons of ice cream mix desired 
150 200 250 300 350 400 450 500 
W hotornaile Monciyn th caden tas omee saz | 796 | So 1090" i760. | 1480 lies lists 
BIGOT ae cies a eiaay leceeiayeleceu scaiore ae 113 137 | 171 205 240 274 | 308 342 
Sweetened condensed skim-milk....,| 428 560 | 713 856 |1000 |1140 {1283 1426 
Gelatin ware id vata Aceisisn cca cane 6.7 9 Lz ono le Lond 18 20.2| 22.5 
Water. ie plan sii sbatev ens aiaieca suaieiartievar’ 265 353 | 441 530 618 706 794 “895 


In some cases whole milk is not always available in sufficient 
quantity. This is especially true in the south. In this case, 
skim-milk powder may be used to make up the deficit, and the 
following formulas are used where skim-milk powder is employed. 


In Tables 638 and 64 just following, different proportions of 
skim-milk powder are used in each, thus making provision for 
varying amounts of whole milk that may be available. 


TABLE 63. 


Recipes for making various gallonages of ice cream mix, using sweetened 
condensed skim-milk and other products. Composition as named above. 


Products Total number of gallons ice cream mix desired 

150 | 200 250 300 350 | 400 | 450 | 500 

Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. 
Winolepmillke vrccvanrane euncancinrastels 384 513 640 768 896 | 1025 | 1153 | 1280 
DERI Selene Oe CORON MER CCN 107 "142 178 214 249 | 285 320 | 356 
Sweetened condensed skim-milk.....| 428 560 713 856 1000 | 1140 | 1283 | 1426 
Cn 6.7 97 212) || 1355) 1337, 18 | 20.2 | 22.5 
Water...... As lle ters sine rete 408 544 680 816 952 | 1090 | 1223 | 1360 
Skim-milk powder..........0..s00- is|20| 25| 30| 35} 40/ 45] ‘50 


In case cream is to be made from other materials than butter 
and 3.50 per cent milk, figure 36.5 pounds of 20.7 per cent cream 
per 100 pounds of mix wanted. 
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TABLE 64. 


Formulas for making-various gallonages of ice cream mix using sweetened 
condensed skim-milk and other products. Composition as named above. 


Total number gallons ice cream mix desired 

ae 150 200 250 300 350 400 450 500 

Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. 

Whole Ved epee ands pcre SONNE, CCID 6 OTE 220 | 294 367 | 440 514 587 660 | 734 
Butter ign gence seer te eer 112 150 187 | 224 | 262 299 337 | 374 
Sweetened condensed skim-milk..... 428 560 713 856 | 1000 | 1140 | 1283 | 1426 
Gelatin ans cites treet 6.7 On| TER a | Son lon 18 | 20.2 | 22.5 
Skim-milk powder.5. 3.016. s.s0+sur 30 40 a 50 60 70 80 90 100 
WVGUCD Tic) cayarsiarsseas atu aah see eee 550 733 917 | 1100 | 1284 | 1466 | 1650 | 1882 


When cream is to be made from other material than butter 
and 3.5 per cent milk, figure 24.7 pounds of 30.5 per cent cream 
per 100 pounds of mix wanted. All of the above mixes have 
given very satisfactory results, and if properly made and homo- 
genized, any of them will produce 100 per cent overrun, and make 
a good, smooth and well flavored product. 


HOW TO STANDARDIZE ICE CREAM MIX BY MEANS OF TABLES 
BASED UPON USING BUTTER, WATER AND SKIM-MILK 
POWDER. 


To J. A. Cross belongs the credit for having developed a 
simple table method based upon using butter, water and skim- 
milk powder to effect standardization of ice cream mix. This 
method can be appled only when these products, and also a 
homogenizer, or a viscolizer are available. Similar tables could 
be made covering other dairy products provided these would be of 
uniform composition. Butter and skim-milk powder of good 
quality are nearly constant in composition, readily available and 
can be conveniently carried in stock. For these reasons they 
have been selected as the most conveneint standardizing materials. 
In all of the tables the composition assumed is as follows: Butter 
83.00 per cent fat and 1.5 per cent S. N. F.; skim-milk powder 
2.00 per cent fat, and 95.00 per cent S. N. F. Any small variations 


from these tests will not materially affect the accuracy of the 
tables. 
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Composition of Mix for Which Tables are Given.—Tables of 
the above nature can be prepared for any composition of mix. 
Inasmuch as such a wide range of composition is possible it would 
be obviously impossible to give within the compass of this book 
tables to cover all possible compositions. The compositions given 
are those that have been found under actual use to yield the most 
satisfactory products, and cover a sufficiently wide range to suit 
all classes of trade. These are given in Table 65. 


TABLE 65. 


Composition of ice cream mix for which standardizing tables are given. 


No, ee Per Cent 
Mix No. Fat M.S.N.F. | Sugar Gelatin an, S) 
1 67 8.00 11.50 13.00 .50 33.00 
2 68 8.00 12.50 13.00 .50 34.00 
4 69 9.00 11.50 13.00 50 34.00 
5 70 10.00 10.50 14.00 .50 35.00 
6 71 12.00 8.50 ~ 14.00 .50 35.00 
i (2 12.00 9.50 14.00 .50 36.00 


Description of the Tables.—The tables given which are each in 
turn calculated upon the basis of the compositions given in 
Table 65 have a range in fat and 8. N. F. as given in Table 66. 


The fat tests will be found upon the top and bottom lines of 
the tables. The S. N. F. tests upon the vertical line both to the 
right and to the left of the tables. At the intersection of the 
fat and S. N. F. columns corresponding to the tests of mix to be 
standardized, will be found the pounds of powder, water and 
butter necessary to standardize 1000 pounds of mix of that test. 
There are three spaces in each square and the figures indicating 
the pounds of butter, water and powder are in the following 
order :— 
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Top figure—Butter (Assumed to test 83.00 per cent fat and 
1.50 per cent 8. N. F.). 
Center figure—Water. 


Bottom figure—Skim-milk powder (Assumed to test 2.00 
per cent fat and 95.00 per cent S. N. F.) 


The absence of figures in any space indicates that none of the 
omitted product is required. 


TABLE 66. 


Range of fat and S. N. F. in tables covering mixes of eight different 
compositions. 


Per Cent Range of Fat Range of S. N. F. 
“ft | Table 

Mix.| No. | Fat |S.N.F| T.S. From To From To 

ain 67 8.00] 25.00] 33.00] 6.00 10.00 22.00 28.00 
2 68 8.00} 26.00} 34.00} 6.00 10.00 22.76 29.25 

4 | 69 | 9.00 25.00} 34.00) 7.00 11.00 22.56 27.45 

Pena! 10.00} 25.00} 35.00} 8.00 12.00 22.80 27 .20 
6 71 12.00} 23.00} 35.00} 10.00 14.00 21.50 24.50 
7 72 12.00 24.00] 36.00 10.00 14.00 22.33 25.66 


It is assumed that a definite percentage of sugar is always 
present in the mix that is to be standardized. In order to keep 
this percentage the same after standardizing, a definite percentage 
of sugar must be added to the batch along with the standardizing 
materials. The pounds of sugar to add is ascertained by the 
following formula :— 

1 


Se where 


A’—B 


DESCRIPTION OF TABLES SVAl 


A’=100.00, or total percentages in mix 

B'=Percentage sugar desired. 

C'=The percentage of sugar to be added to the standard- 
izing materials. 


Solving the above formulas in the case of mixes containing 
13.00 and 14.00 per cent of sugar respectively we have. 


13.00 
C'= —-_______. — 14,94, or the percentage of sugar to be 
tao lee Les added ik ee Seems 
when mix with 13.00 per cent of 
sugar is desired. 
Pe a! =16.28, or the percentage of sugar to be 
100-—14.00 po 


added to standardizing materials 
when mix with 14.00 per cent of 
sugar is desired. 


To obtain a mix after standardizing that contains the desired 
percentage of sugar, the total pounds of butter, water and skim- 
milk powder (or any one or more of these) must be multiplied 
by the factor C1, and the product, which will be the pounds of 
sugar required, must be added. 


Example:—Added in standardizing :— 
10.00 pounds butter. 
75.00 pounds water. 
15.00 pounds skim-milk powder. 
100.00 pounds total. 


The per cent of sugar desired is 14.0. 
100.00 .1628 per cent—16.28, pounds sugar desired. 
16.28-—(100-+16.28) 14.00, per cent sugar desired after 
standardization. 
These tables are all based upon adding, when compounding the 
mix, the exact percentage of sugar called for in each of the 
compositions. 


How the Tables are Derived.—The successive steps involved in 
compiling the tables are the same regardless of the composition of 
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mix desired. The various steps together with the principles of 
calculations involved are as follows :— 
(1). Determine the exact composition of mix desired. 
Example :— 
8.00 per cent fat. 
13.00 per cent sugar..... These three constituents are 
11.50 per cent M.S. N. F.+ added together and called 
.50 per cent gelatin... ‘i Dee Neh 
(2). Fill in percentages of fat progressively by .10 per cent 
from the lowest to the highest range desired. These should be 
placed in the horizontal spaces both at the top and at the bottom 
of the table. 


Caleulate by ratio the percentages T. S. N. F. corresponding 
to the above two percentages of fat. Example :— 
8°: 19==6 2eXs X—9.00, the perscent, Mo SNe Fo and 
gelatin in proportion with 6.00 per cent fat. 
9.00-+-13.00—=22.00, the minimum per cent of T. 8. N. F. 


Locate upon Table 67 at A 


and 8 +: 12=10 : X. X=15.00, the per cent M.S. N. F. 
and gelatin in proportion with 10.00 per cent fat. 
15.00-+-13.00=28.00, the maximum per cent of T. S. N. F. 


Locate upon Table 67 at B 


Interpolate the T. S. N. F. in the vertical column from A to 
B. Each of the eight compositions of mix were compiled upon 
one large table. These in turn were divided into six sub-tables, 
each sub-table requiring one page. The letters referred to here- 
with appear only upon Table 67. 


(3). Determination of the composition of the products that 
are to be used in standardizing. Example :— 
Butter 83.00 per cent fat; and 1.50 per cent S. N. F. 
Skim-milk powder 2.00 per cent fat, and 95.00 per cent 
Se aN ee 
Sugar 100.00 per cent T. S. 


(4). Calculate the percentage composition required upon 
each constituent used in standardizing in order that the resulting 
mixture after adding the sugar will be properly standardized. 
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Example :— 
13.00 
T0013 ~ 14-94: the per cent of sugar to add to the other 
standardizing materials in standardizing 
to produce a mix containing 13.00 per 


cent of sugar. 
12.00 
S700 TOY the per cent of M. S. N. F. (including the 


gelatin) required in the standardizing mix- 
ture before adding the sugar. 


9 20, the per cent of fat required in the standard- 
87.00 ae : 
izing mixture before adding the sugar. 

(5). Calculate the available fat in theoretical mixture No. 1, 
and the available 8. N. F. in theoretical mixture No. 2 using the 
methods of calculation given in problem 33 of this chapter. 

Example :—Theoretical mixture No. 1. 

Butler... e- .otaes 1.50 81.21—Butter units 


13.79 


Skim-milk powder 95.00 12.19—Skim-milk powder units. 
12.29+-81.21—93.50, the sum of above units. 
81.21+.9350— 86.86, parts butter. 
12.29-—.9350=13.14, parts skim-milk powder. 

86.86 parts butter—72.09 parts fat and 1.30 parts M.S. N.F. 
13.14 parts skim-milk powder=.26 parts fat and 12.49 
parts M.S. N. F. 
100.00 parts mixture No. 1=72.35 parts fat and 13.79 parts 
Mio SINs 
72.35—9.20—63.15, the per cent of fat in mixture No. 1 
available for standardizing. 
Example theoretical mixture No. 2. 


IEUPAHIEIP Se ty ooo Mhowo woe 83.00 7.20 Butter units. 


9.20 | 


Skim-milk powder 2.00 73.80 skim-milk powder 
units. 
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73.80--7.20—81.00, sum of units. 

7.20+-.81=8.90, parts butter. 

73.80-—.81=91.10, parts skim-milk powder. 

8.90 parts butter=7.38 parts fat and .13 parts M. 8S. N. F. 

91.10 parts skim-milk powder=—1.82 parts fat and 86.55 
parts M.S. N. F. 

100.00 parts mixture No. 29.20 parts fat and 86.68 parts 
MS aNe B 

86.68—13.79=72.89, per cent S. N. F. in mixture No. 2 
available for standardizing. 

(6). Block off the square CDEF which includes that part of 
the table when the range is from the minimum under standard to 
standard in fat and likewise in T.S. N. F. 

Example: 6.00 to 8.00 per cent in fat and 22.80 to 25.00 in 
T.S.N.F. At the intersection C, both the fat and the T. S. N. F. 
are standard. 

Calculate the pounds of the two mixtures to use. 

Example: 

(.08—.06) «1000 
.6315 

8686 X 31.7=27.5, pounds of butter required. 

1314 31.7=4.2, pounds skim-milk powder required. 

Insert these values at E in table. 

(25.00—22.00) «1000 
72.89 


=831.7 or pounds mixture No. 1 required. 


=41.2 or pounds mixture No. 2 re- 
quired. 
0890 41.2=3.7, pounds butter required. 
9110 41.2—=37.5, pounds skim-milk powder required. 
Insert these values at D in the table. 
To obtain value of F, add together E and D. 
Interpolate, either vertically or horizontally in the above 
square. 
(7.) Calculate the pounds of water required at the point G 
in the table. Example: 
(.10—.08) 1000 
08 ==250 


250— (250.1300) =218 
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(8). Calculate the pounds of butter and water to use at the 
point Hin the table. Example:— 


8 : 12=X : 1.50. X=1.00, the per cent of fat required to 
equalize the 8. N. F. in the butter. 
83.00—1.00=82.00, the per cent of fat in the butter avail- 
able for standardizing. 
(.1000—.0600) 1000 
82 
48.8 .015 
1379 
(9). Calculate the pounds of water and powder to use at the 
point Iin the table. Example :— 
8 2122 «XxX, X==3:00, the per cent ofS, N. ¥. required 
to equalize the fat in the skim-milk powder. 
95.00—8.00—92.00, the per cent of S. N. F. available for 


—48.8, the pounds of butter to use at H. 


+ (218—48.8) —175, the pounds of water to use at H. 


standardizing. 
(.28—.22) «1000 q 
99 =65.2, the pounds of skim-milk powder to use 
at point I. 
65.2 < .02 
218+ \ muss 65.2—166, the pounds of water to use at I. 


(10). Calculate the pounds of water and skim-milk powder 
to use at Point J in the table. 
Example :— 
8 :12—8.3 : X. X—12.45, the per cent of S. N. F. re- 
quired to equalize the percentage of fat at J. 
(.1245—.0920) « 1000 
92 
powder to use at J. 
1000 .003 
ee RODD 
cent fat. 
(37.5 X .02) 
Seer 11638 


=37.5, the pounds of skim-milk 


—33, pounds of water to standardize 8.3 per 


—37.5—2, pounds of water to use at J. 
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(11). Calculate the pounds of water and butter to use at 
point K in the table. Example :— 


8 :12—X : 11.383. X=8.3, the per cent of fat required to 
equalize the 8. N. F. at K. 
(.083—.06) «10000 
82 
(271015) 2 iss Git) 


+ ee 4. ds of wat 
Zi 7379 + 7379 14.0, the pounds of water 


=27.1, the pounds of butter to use at K 


to use at K. 


(12). Interpolate from I to G. 
Interpolate from E to K and K to H. 
Interpolate from D to J and J to L. 
Interpolate from H to G and G to I and complete the 
interpolation of entire table. 


Proof of the Accuracy of Tables. 


The tables have been all proved at the points corresponding 
to the above letters. Tables of any given composition derived 
as above described, and in which the interpolations have been 
properly made should prove out at all points, and be correct for 
any combination of fat and T. 8S. 


How to apply the standardization tables in practice. 


1. About a half hour before a batch is to be homogenized, 
turn on the electric current upon the Mojonnier Tester, adjust 
the fat and solids ovens to the current temperatures, heat, cool 
and weigh a fat and a T. S. dish, and have everything in readi- 
ness for a rapid test. 


2. Before starting to homogenize the batch, see that all milk 
powder, butter, sugar, and gelatin are thoroughly dissolved, and 
that everything that is to be incorporated into the batch is in 
and mixed thoroughly. The accuracy of the entire system de- 
pends upon the accuracy of the first sample, and it must be a 
representative sample of the entire batch 

3. A few minutes after the homogenizer is started, obtain 
a sample from the cooling coils, and analyze for fat and T. S. 
If everything is in readiness, and the most efficient routine fol- 
lowed, this test may be completed in 30 minutes or less. (Record 
time 22 minutes.) 
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4. Subtract the percentage of fat from the percentage of T. 
S. The result will be the percentage of T. S. N. F. 


5. Locate the most nearly corresponding fat and S. N. F. 
tests in the table based upon the composition desired. At the 
intersection will be found the pounds of butter, water or sugar 
necessary to add to 1000 pounds of mix of that test. Top space 
is for butter, center space for water, and lower space for skim- 
milk powder. 


6. Multiply the amounts indicated by the number of 
thousands of pounds of mix to be standardized. Example: If 
a batch of 2345 pounds is to be standardized, multiply in turn the 
amounts necessary for 1000 pounds by 2.845. The results will be 
the pounds of butter, water or skim-milk powder respectively 
necessary for the entire batch. 


7. Add together the total number of pounds of butter, water 
or sugar and multiply by the percentage of sugar required to 
produce a mix containing the desired percentage of sugar. Ex- 
ample: Mix desired to contain 13.00 per cent of sugar. There- 
fore add here sugar to the extent of 14.94 per cent of the total 
pounds of other products required for standardizing. 


The above tests and calculations are made while the batch is 
being homogenized, and can usually be completed before the 
entire batch has been run through. The standardizing materials 
ean then be added to the last part of the batch, which has not 
yet been homogenized. When all has been run through and 
mixed in the holding tank, the fat and T. S. test should be 
standard. If skim-milk powder is necessary, it is usually advis- 
able to stop the homogenizer until it is thoroughly dissolved. 
Butter, sugar and water in small amounts can usually be mixed 
without stopping the machine. It is sometimes possible to mix 
the powder and the sugar with the water which is to be added 
if it is sufficient in amount, and it is a good practice to keep out 
about 10 gallons of the water until the batch has run through 
and then dump this in to wash out the mix remaining in the pipes. 


8. Obtain a sample of the standardized batch and analyze for 
fat and T. S. as a check upon the accuracy of the work. It 
should be accurate, within .1 of 1.00 per cent upon the fat, and 
within .20 of 1.00 per cent upon the T. S., of the standard desired. 
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These margins are liberal, and in practice as. many as 50 consecu- 
tive batches have been run out with variation within .07 per cent 
upon the fat, and within .2 per cent upon the T. S. 

9. It is always simpler to standardize with butter and water 
only. These are easier to mix and to dissolve with the batch. 
By compounding the mix with an excess of M.S. N. F., the use 
of skim-milk powder can be reduced to a minimum, or entirely 
avoided. 


EXAMPLE AND PROOF OF ACCURACY OF STANDARDIZING 
TABLES. 


Example 39, taken from Table 67 showing quantity before 
standardizing materials added in standardizing, and proof. 


Pounds Per Cent 
Products M.S.N.F. 
Fat including Sugar ess Fat M.S.N.F. Sugar T.S. 
Gelatin 

Mix before 
standardzing| 1000.0 | 73.0 111.0 130.0 314.0 7.30 11.10 13.00 31.40 
Butter 10.7 8.9 Ph ae Ua ie sae 9.0 || 83.00 150i | Abuse stetae 84.50 
Water) = esheets aille Shesars vce lous uarey rel reat esto reves Fe Senec tose | [ene deseneratecel | See re taaet hate | eteeia avec ares rate eras 
Skim-milk 
powder 12.7 ae 1210S | okeveetoniee 12.4 2.00 OB JOOM erent ee 97.00 
Sugar SU Dell neatsterece lteastrerei ee 3.0 Br Drsl| eee eee eesaiesl onic ees 100.00 100.00 
Total mix h 
after stand- 
ardizing 1026.9 | 82.2 12322. 133.5 | 338.9 8.00 12.00 13.00 33.00 


Example 40, taken from Table 67 showing quantity before 
standardizing; and materials added in standardizing, and proof. 


Pounds Per Cent 
Products M.S.N.F. 
Fat including Sugar J iish Fat M.S.N.F. Sugar Akerse 
Gelatin 

Mix before 
standardizing] 1000.0 91.0 144.0 130.0 365.0 9.10 14.40 13.00 36.50 
Butter 6.1 5.1 St ae ee ar 5.2 83.00 1 BOs" Majer. chr taveys i 84.50 
Water LZ OO iscsi raecsitselllabavem ca tere ook aaletesstarsehe | are eebote oe ll persievarcgty:| eee sored Wren ee ee 

de In 
Skim-milk 
POWER Wave cd ce erence peas le mas  oreterarereteracaun | ieere iat al cues coerareten 2.00 9500) 45%, wey vcore 97.00 
Sugar 26:3) Niesarevsreterctaa| ste lsetntaakaens 26.3 26 eSslll seraccere | cere een 100.00 100.00 
Total mix 
after stand- k 
ardizing 1202.4 | 96.1 144.1 156.3 396.5 8.00 12.00 13.00 33.00 
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TABLE 67. 
b 8.00% Fat Basis 1000 pounds of | In h 4 
Standardizing 11.50% M. S. N, F. mix. Top ERS Pounds butter. 
table for ice ) 13.00% Sugar Top and bottom lines: Center figure: Pounds water. 
cream mix -50% Gelatin _Fat tests. Bottom figure: Pounds skim-milk 
No. f testing: | Side columns: powder. 

33.00% T. S. S. N. F. tests. (Blanks indicate none of kind required.) 
a a ee er er ee re 
6.0 6.1) 6.2) 6.3), 6.4) 6..5|) 6.6) 6.7] 6.8) 6.9|.7.0) (7.11 7.2) 7.3 

ar ee 29.9/28.4/27.1/25.7/24.3/22.9/21.6/20.2/18.8]/17.5/16.1/14.7/13.3 
r 22. 
41.7/41.5/41.3/41.1]40.9/40.6/40.4/40.2/40.0/39.8/39.6/39.4139.2139.0 ved 
oa te 31.0 |29.7/28.2/26.9/25.5/24.1/22.7/21.4/20.0/18.6]17.3]15.9]14.5]13.1 
‘ 22.15 
39.8 39.6/39.4/39.2 39 .0/38.8/38.6/38.3]38.1]/37.9|37.7/37.6/37.4137.2 
en 8}29.5/28.0/26.7/25.3/24.0/22.5)21.2/19.9]/18.4]17.1]15.7]/14.3]12.4 
: 22.30 
7 .9|37.7|37.5/37.3/37.1137.0136.7/36.5/36.3/36.1135.9/35.7/35.5135.3 
ee 30 .6/29.3/27.8/26.5/25.1/23.8/22.3/21.0/19.7)18.2/16.7]15.5)14.2/12.7 
: 22.45 
36.1/35.9/35.7/35.5/35.3/35.1134.9/34.7/34.4/34.2/34.0133.8/33.6/33.4 
oper A 30.4/29.1/27.6/26.3/24.9/23.6/22.1/20.8/19.5/18.0/16.5}15.3]14.0]12.5 
: 22.60 
34.2/34.0/33.8/33.6/33.4/33.2/33.0/32.7/32.5/32.3/32.1/31.9131.7/31.4 
Parr 30.2/28.9)27.4/26.1/24.7/23.4/21.9/20.6)19.3/17.9116.3}15.1/13.8]12.3 Sac 
; 32 .3/32.1/31.9/31.7/31.5/31.3/31.1/30.9/30. 7/30. 5130. 2/29 .9/29.7|29.5 j 
3 6 30.1/28.7/27.3/26.0/24.5)23.2)/21.7/20.4)19.1/17.9/16.1/14.9]13.6/12.1 per 
; 30.4/30.2/30.0/29.8/29.6/29.4/29.2/29.0/28.8]28.6/28.4/28.2/28.0/27.7 
art 29.9/28.6/27.1/25.8)24.3/22.9/21.5)20.2)/18.9/17.7/16.0/14.7/13.4112.0 Bene 
‘ 28.5)28.3/28.1/27.9)/27.7|27.5)27.3/27.1126.9/26.7/26.5/26.3]/26.0/25.8 
Spear 29.7/28.4/26.9)25.6/24.2/22.7/21.4/20.0/18.7)17.5)15.8/14.5]/13.1/11.8 
? 23.20 
26.7/26.5)26.3/26.1/25.9]/25.7/25.5/25.2)25.0/24.8/24.6/24.4/24.2/23.9 
OpR er 29.5|28.2/26.7/25.4/24.0/22.5/21.2)/19.8]/18.6/17.3)15.6]/14.4/12.9]11.6 Rep Ae 
; 24.8/24.6/24.4/24.2/24.0/23.8)/23.6)23.3)23.1/22.9/22.7/22.5)22.3)22.1 j 
pet 29.4128.0/26.5/25.2/23.8/22.5)21.0/19.7/18.4)17.1)15.5/14.2)12.8)11.4 Da ee 
3.50 . 
22.9)22.7/22.5/22.3/22.1121.9/21.7/21.5)21.2/21.0/20.8/20.6)20.4/20.2 
29.2)27.9/26.3/25.11/23.6/22.3)/20.9)/19.5/18.2/17.0/15.3/14.0/12.6]11.3 eetes 
23.65 
21.0/20.8/20.6}/20.4/20.2/20.0/19.8)19.6/19.4/19.2)18.0/18.8)18.6/18.4 
29.0/27.7/26.1/24.9/23.4/22.1/20.7/19.3/18.0/16.8)15.1/13.8)12.5]11.1 
23.80 23.80 
19.1/18.9/18.7|18.5}18.3/18.1)17.9)17.7/17.5)17.3]17.1]16.9}16.7|16.5 
28.8/27.5/26.0/24.7/23.2/21.9/20.5/19.1)17.8)16.4/15.0/13.7/12.3/10.9 Pegi 
23.95 5 
17.3/17.1/16.9/16.7})16.5/16.3/16.1/15.8]/15.6)15.4/15.2/15.0}14.8)14.6 
28.6/27.3/25.9}/24.6/23.0/21.7/20.3/18.9/17.7/16.2/14.8)13.5}12.1)10.7 et 
24.10 . 
15.4/15.2/15.0/14.8]14.6/14.4/14.2}14.0]/13.8/13.6/13.4/13.2)12.9]12.7 
28 .4/27.1125.7)24.4/22.9/21.5/20.1]18.8/17.5/16.0)14.6/13.3)/12.0)10.5 
24,25 24.25 
13.5/13.3}13.1/12.9]12.6]12.4/12.2}12.0)11.8)11.6)11.4/11.2/11.0)10.8 
28 3)/27.0/25. 5/24. 2/22. 7/21.3/20.0/18.6/17.3)15.8)14.5)/13.1/11.8/10.3 
24.40 24.40 
11.6)11.4/11.2]11.0]10.8/10.6]/10.3]10.1] 9.9] 9.7) 9.5) 9.3] 9.1) 8.9 
28.1/26.8]/25.4/24.0/22.5/21.1/19.8]18.4/17.1)15.6)14.3)12.9/11.6)10.1 
24.55 24.55 
9.8] 9.6] 9.4] 9.2] 9.0] 8.8] 8.6} 8.4] 8.2); 8.0) 7.7] 7.5) 7.3) 7.0 
27.9/26.6/25.2/23.8/22.3/21.0/19.6/18.2)/16.9]/15.5}14.1/12.7)11.4) 9.9 
24.70 3 24.70 
7.9| 7.7| 7.5) 7.3] 7.1| 6.9] 6.6) 6.4) 6.2] 6.0 8] 5.6] 5.4 5.2 i 
27.7126.4|25.0/23.6/22.2/20.8/19.4)18.0]/16.7/15.3/13.9)12.6/11.2] 9.8 
24.85 i 24.85 
6.0] 5.8] 5.6] 5.4] 5.2] 5.0] 4.7] 4.5) 4.3) 4.1 9| 3.7 3.5] 3.3 gtr} 
6.0| 6.1] 6.2] 6.3] 6.4] 6.5] 6.6} 6.7} 6.8] 6.9) 7.0 Wfaes 
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TABLE 67 (Continued). 


8.00% Fat Basis 1000 pounds of | In each square: 
Standardizing 11.50% M. 8S. N. F. mix, Top figure: Pounds butter. 

table for ice 13.00% Sugar Top and bottom lines: Center figure: Pounds water. | 

cream mix 50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 

No. 1 testing: —___— Side columns: powder. ; 

33.00% T. S. S. N. F. tests. (Blanks indicate none of kind required.) 

6.0 6.1| 6.2} 6.3] 6.4] 6.5] 6.6] 6.7] 6.8) 6.9) 7.0) 7.1] 7.2) 7.3 
D7 .5|26.2|24.8|23.4/22.0/20.6]19.2|17.8/16.5/15.1/13.7]/12.4]11.0] 9.6 

25.00 E - | 25-00 
AiO| AsO! Sc Sor 6 Se 4 Bi2) 2eOy Qe Tl 2G 28a DO he Tee 
27 .3/26.0|/24.6|23.2}21.8]/20.4/19.0/17.6/16.3]14.9]13.5)12.2]10.9| 9.7 

25.15 Ue) sues 

3 2.91 2.0) Task. Gy U4 12) 78 8 .6 4 .2 

27 .1|25.8|24.4/23.2122.0]/20.7/19.5)18.3)17.1]15.9]14.6)13.4/12.2)10.9 

25.30 K, ; Tl Si 5 |e] Sake 71 eS |e O| O10 eit | 2 |e 3 eases 
28.1 26.8125 .6|24.4|23.2122.0|20.7/19.5|18.3 17.1)15.9)14.6/13.4/12.2 

25.45 8 9} 10) 11) 12{ 14) 16) 17) #18) 19) 20) 21) 22) 23 25.45 
29 .3/28.1126.8)25.6/24.4/23.2/22.0/20.7/19.5)18.3)17.1/15.9/14.6/13.4 

25.60 18; 19} 20] 21]; 22) 23) 24) 25) 26) 27; 29) 31] 32) 33 25.60 
x 30.5/29.3/28.1/26.8/25.6/24. 4/23. 2/22 .0/20.7|19.5)18.3)17.1|15.9]14.6 

25.75 28) 29) 30| 31] 32) 33| 34] 35) 36) 37) 38) 40) 41) 43 25.758 
31.7/30.5}29.3]28.1|26.8/25.6/24.4/23.2/22.0)20.7/19.5)18.3/17.1|15.9 

25.90 38] 39] 40| 41) 42] 43) 44) 45) 46) 47) 49) 50) 51 52 25.90 
32.9/31.7/30.5/29.3/28.1126.8/25.6/24.4/23 . 2/22 .0)20.7/19.5/18.3]17.1 

26.05 48} 49) 50] 51] 52) 53| 54) 55) 56) 57; 58) 59) 61) 62 26.05 
34.2132.9131.7/30.5|29.3/28.1/26.8/25.6/24.4/23.2/22 0/20.7/19.5|18.3 

26.20 58| 59) 60) 61] 62) 63) 64) 65) 66] 67; 68) 69) 70} 71 26.20 
35.4/34.2/32.9131.7/30.5/29.3)28.1/26.8/25.6/24.4123.2/22.0/20.7|19.5 

26.35 68| 69) 70} 71) 72) 73) 74) 75| 76) 77] 78! 79) 80) 82 26.35 
36.6/35.4/34.2/32.9/31.7/30.5/29 .3)28. 1126 .8)25 .6)24. 4/23 .2/22.0/20.7 

26.50 78| 79) 80) 81) 82) 83) 85) 86) 87] 88} 89} 90} 91 92 26.50 

———=' + 

37.8/36 .6|35.4/34. 2/32 .9/31.7/30.5/29 3/28 .1/26.8/25.6/24.4/23 . 2/22 .0 

26.65 88} 89) 90] 91); 92} 93) 94] 95) 96) 97] 98) 100} 101] 102 26.65 
39.1]37.8)36.6135.4/34.2/32 .9/31.7/30.5/29.3)28.1)26.8/25.6|24.4/23.2 

26.80 98] 99) 100) 101} 102] 103 104] 105 106] 107} 108] 109] 111] 112 26.80 
40.3/39.1/37.8/36 .6/35.4/34.2/32.9131.7/30.5 Biz 3/28 .1/26.8/25.6/24.4 

26.95 108} 109] 110} 111) 112] 113] 114] 115] 11 117} 118} 119} 120) 121 26.95 
41.5/40.3/39.1 7.8/36.6/35 .4/34.2/32.9131.7/30.5/29.3/28.1126.8/25.6 

27.10 118] 119) 120] 121) 122] 123) 124] 125) 126] 127] 128] 129) 131] 132 27.10 
42.7/41 .5|40.3/39.1/37. 8/36 .6/35.4/34.2/32.9/31.7/30.5|/29.3/28.1126.8 

27.25 128} 129) 130] 131] 132] 133] 134) 135] 136] 137] 138] 139] 140] 142 27.25 
43 .9|42.7|41.5/40.3/39 .1/37.8/36.6/35.4/34.2/32.9/31.7/30.5/29.3/28.1 

27.40 138] 139] 140} 141] 142) 143] 144] 145] 146] 147| 148] 149] 151) 152 27.40 
45 .2}43.9]42.7/41. late 3/39 .1137.8/36. 6/35 .4/34.2/32.9|31.7/30.5/29.3 

27.55 148} 149] 150] 151] 152} 153] 154] 155] 156] 157 158) 159] 160] 161 27.55 
46 .4]45%2]43 .9/42.7/41.5/40.3/39.1/37.8/36.6]35.4134.2/32.9131.7|30.5 

27.70 158] 159] 160} 161| 162| 163] 164| 165| 166] 167 168] 169} 170] 171 27.70 
47 .6/46 4/45 2/43 .9]42.7)41.5/40.3)/39.1137.8/36.6135.4/34.2132.9131.7 

27.85 168] 169 170 171] 172) 173] 174] 175) 176) 177| 178] 179] 180] 181 27.85 
B 48.8/47.6|/46. 4\45. 2/43 .9)42.7/41.5/40.3/39.1/37.8/36. oaeleaes 34.2)/32.9 

28.00 te 176] 177] 178] 179] 180] 181] 182] 183] 184 86] 188] 189 28.00 


6.0 | 6.1] 6.2| 6.3) 6.4) 6.5) 6.6) 6.7) 6.8) 6.9] 7.0] 7.1] 7.2] 7.3 
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TABLE 67 (Continued). 


. 8.00% Wat Basis 1000 nds of | I Hs : 
Standardizing Fe 50% Me Si NS 2: mix, nee Top poate Pounce butter 
table for ice 13.00% Sugar Top and bottom lines: Center figure: Pounds water 
cream mix Ll .50% Gelatin Fat tests. Bottom figure: Pounds skim-mlik 
No. | testing: — Side columns: powder. 
33.00% T. S. A S: IN. FB. tests: (Blanks indicate none of kind required.) 
7.4 PO ClOleea de S]) a9 | eoi0l|e Sul | S.2) 8. 3)) 8.48.5) 8.6 8)07, 
LPIOMO. 259. 21°07 (S655. 2 3.7] 2.3) 8) 7 
22.0 D 1 2 22.0 
38 .8)38 .5/38.3/38.1/37.9/37.7|/37.5137.3/37.1/37.5/39.1140.7/42.4/44.0 
11.7/10.2) 9.0) 7.6) 6.3] 4.9] 3.5] 2.1) .7 
22.15 4 13] > 23 3 42 22.15 
37 .0/36.7/36.5/36.3/36.1/35.9/35.7/35.5/35.3/35.8/37.5/39.1]40.7/42.4 
11.5)10.0] 8.8) 7.4] 6.1] 4.7) 3.3) 1.9) .5 
22.30 5] 14) 24) 33) 43 22.30 
35.0134 .8/34.6/34.4/34.2/34.0/33 .8/33 .6/33.4/34.2)35.8/37.5/39.1|40.7 
LY. 3/10!.0)- 8-6) 7-215. Ole 4.6) 3.4) 1.7\ 23 
22.45 di 16} 26 35) 45 22.45 
33. 2/32 .9132.7/32.5/32.3/32.1/31.9/31.7/31.5/32.6/34.2/35.8)37.5/39.1 
11.1) 9.9] 3.4) 7.0) 5.7} 4.5) 2.9] 1.5) 1 
22.60 8 17 27 36| 46 22.60 
31. 2/31 .0/30.8)/30. 6/30. 4|/30.2/30.0/29 . 8/29 .6/30. 9/32 .6)/34.2/35.8/37.5 
11.0) 9.7] 8.2) 6.8) 5.5) 4.2) 2.8] 1.4) .0 
22.75 9) 18! 28) 37) 47 22575 
29.3/29.1/28.9/28.7/28.5/28.3/28.1|27.9|27.7/29.3/30. 9/32 .6)34.2/35.8 
10.8] 9.5] 8.0] 6.7) 5.3) 4.0] 2.6) 1.2 
22.90 1 10 18 29 38 48 22.90 
27 .5/27.3/27.1/26.9/26.7)26.5/26.3/26.1/26.1/27.7/29.3/30.9/32.6/34.2 
10.6] 9.3] 7.8] 6.5] 5.1] 3.8] 2.4] 1.0 
23.05 3] 11) .19) 30) 39; 49 Zo 105) 
25.6|25.4/25.2/25.0/24.8/24.6/24.4/24.2/24.4/26.1/27.7/29.3/30.9)/32.6 
10.5] 9.1} 7:7] 6.3) 5.0} 3.6) 2.2) .8 
23.20 4 13) 21 32 41 51 23.20 
23.7/23.5|23.3/23.1/22.9/22.7/22.5/22.3)22.8/29.4/26.1/27.7)29.3/30.9 
10.3) 8.9] 7.5] 6.1) 4.8) 3.5] 2.1 Al 
PAA SL) 5 14) 22 33 42 52 Zana 9) 
21.9/21.6/21.4/21.2/21.0/20.8/20.6/20.4]21. 2/22 .8)24.4/26.1/27.7/29.3 
10.1) 8.7] 7.3] 6.0] 4.6) 3.3] 1.9) .5 
23.50 6} 15} 23} 34] 43) 53 23.50 
20.0/19.8]19.6]19.4/19.2/19.0/18.8]18.6)19.5)21.2/22.8/24.4/26.1/27.7 
9.8] 8.6) 7.1] 5.8) 4.4) 3.1] 1.7] .3 
23.65 7 16) 24 35 44 54 23.65 
18.2)|17.9}17.7|17.5]17.3)17.1]16.9]16.7]17.9]19.5/21.2/22.8)/24.4/26.1 
9.7) 8.4! 7.0) 5.6) 4.3) 2.9] 1.5) .1 
23.80 9} 18) 26] 37; 46] 56 23.80 
16.2]16.0]15.8]15.6]15.4]15.2)15.0]14.8]16.3/17.9]19.5/21.2)22.8/24.4 ilies 
9.5] 8.2} 6.8) 5.4) 4.1] 2.7] 1.3 
23.95 1] 10] 19] 27) 38) 47| 57 23,95 
14.3]14.1/13.9]13.7/13.5}13.3/13.1/13.0/14.7/16.3/17.9 19.5)21.2/22.8 
9.3] 8.0] 6.6) 5.2) 3.9] 2.5) 1.1 
24.10 2| 11) 20] 28) 39) 48) 58 24.10 
12.5/12.3}12.1]11.9]11.7}11.5/11.3]11.4]13.0]14.7/16.3]17.9]19.5)21.2 
-1| 7.8] 6.5] 5.0] 3.7] 2.4] 1.0 
24.25 ? : 4| 13] 22) 30} 41) 50; 60 24.25 
10.6/10.4]10.2]10.0] 9.8] 9.6] 9.4] 9.8]11.4/13.0]14.7/16.3/17.9]19.5 
10) 73% Gud]! 4.8) 355)! 252) 8 
24.40 ms 5| 14] 23] 31) 42) 51] 61 24.40 
8.7] 8.5| 8.3] 8.1] 7.9] 7.7] 7.5| 8.2] 9.8]11.4)13.0)14.7/16.3)17.9 
. Fi whi4cvleoud| 2.0. 36 
24.55 re Sigh eihe 6) 16) 2 33 5 24.55 
6.8] 6.6] 6.4] 6.2] 6.0] 5.8] 5.6] 6.5} 8.2] 9.8)11.4/13.0)14.7/16.3 
2 fi -9| 4. ooh 1.8) 3% 
24.70 Soria ie pies 8| 18] 26) 35) 4 5 4 24.70 
5.0] 4.8] 4.6] 4.4] 4.2] 4.0] 3.8] 4.9] 6.5] 8.2) 9.8/11.4)13.0)14.7 
; * F R .2 
24.85 ia ari 6 9} 19| 28) 37] 47) 55) 65 24.85 
; 2.9] 2.7] 2.5] 2.3] 2.1] 1.9] 3.2] 4.9] 6.5] 8.2) 9.8)11.4)/13.0 
7.4) 7.5| 7.6] 7.7| 7.8] 7.9| 8.0] 8.1] 8.2) 8.3] 8.4) 8.5) 8.6) 8.7 
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TABLE 67 (Continued). 


8.00% Fat Basis 1000 pounds of | In each square: 

Standardizing 11.50% M. S. N. F. mix, . Top figure: Pounds butter. 

, table for ice 13.00% Sugar Top and hottom lines: Center figure: Pounds water. | 
cream mix 50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No. | testing: ———— Side columns: powder. | : F 

33.00% T. S. S. N. H. tests. (Blanks indicate none of kind required.) 
7,4) 7.51°7.6| 7.71 7.8| 7.9) 8.0] 8.1) 8.2) 8.3) 8.4) 8.5}-8.6) 3.7 
.2| 6.9] 5.5) 4.1] 2.8] 1.4/Std. 
25.00 : : Cc 10} 20) 29) 39) 49) 57] 66 25.00 
rs Ole as 6} .4 2 1.6] 3.2] 4.9] 6.5) 8.2) 9.8]11.4 
8.5) 7.3] 6.1] 4.8] 3.6] 2.4) 1.2 
- 5 6 7 8 9 LO) VL 2 S81 401) 61) 259) 2363 25).15 
frase : 1.6] 3.2} 4.9] 6.5} 8.2| 9 
9.7| 8.5| 7.3) 6.1] 4 3.6| 2.4) 1.2 
25.30 44) 25h 16} 4 18} 19] 20) 21| 22) 32]) 42) 52] 61) 61 25.30 
i 1.6|°3.2] 4.9] 6.5) 8.2 


25.45 24) 25) 26] 27| 28] 29) 30] 31) 32) 33] 43) 53) 62) 71 25.45 


25.60 341 35| 36] 37| 38] 39| 40] 41] 42] 43] 44) 54] 64] 72] 25.60 


25.75 44| 45] 46] 47] 48] 49] 50] 51] 5 


53] 54] 55] 65 74 25.75 


25.90 53] 54| 55! 57| 58] 59] 60] 61] 62] 63] 64] 65| 66 3 25.90 
15.9/14.6/13.4]12.2|10.9] 9.7] 8.5] 7.3] 6.1] 4.8] 3.6] 2.4] 1.2 

26.05 63} 64| 65! 66] 67| 68] 69] 70] 71] 72] 73| 74| 75| 76] 26.05 
17.1/15.9|14.6]13.4|12.2/10.9| 9.7] 8.5| 7.3] 6.1] 4.8] 3.6] 2.4] 1.2 

26.20 72\ 73\ 74) 76| 76l\ 77\ 78 “Sol Si 82|\ 83) 84] “85|| 86 || 26.20 
18.3]17.1|15.9|14.6|13.4/12.2/10.9| 9.7| 8.5] 7.3] 6.1] 4.8] 3.6] 2.4 

26.35 83} 84| 85] 86] 87| 88] 891 90] 91] 92] 93] 94) 95! 96] 26.35 
19.5]/18.3]17.1]15.9]14.6]13.4/12.2]10.9| 9.7] 8.5] 7.3] 6.1] 4.8] 3.6 

26.50 93] 94] 95] 96] 9 99} 100} 101] 102] 103} 104] 105] 106 | 26.50 
20.7/19.5/18.3/17.1/15.9|14.6]13.4/12.2]10.9| 9.7| 8.5] 7.3] 6.1] 4.8 

26.65 103] 104] 105] 106] 107] 108] 109] 110] 111] 112] 113] 114] 115] 116 | 26.65 
22.0/20.7|19.5/18.3|17.1/15.9|14.6/13.4|12.2/10.9| 9.7| 8.5] 7.3] 6.1 

26.80 113] 114} 115] 116] 117] 118] 119] 120] 121] 122] 123] 124] 125] 126 | 26.80 
23.2/22.0/20.7/19.5/18.3]17.1]/15.9|14.6]13.4]12.2]10.9] 9.7] 8.5] 7.3 

26.95 122} 123] 124] 125} 126] 127| 128] 129] 130] 131] 132] 134] 135] 136 | 26.95 
24.4/23.2]/22 .0/20.7/19.5|18.3/17.1]15.9|14.6]13.4/12.2|10.9] 9.7| 8.5 

27.10 133] 134] 135] 136] 137] 138] 139] 140] 141] 142] 143] 144] 145] 146 | 27.10 
25.6/24.4/23.2/22.0/20.7]19.5/18.3]17.1|15.9]14.6/13.4|12.2]10.9| 9.7 

27.25 143] 144] 145] 146] 147] 148] 149] 150] 151] 152] 153] 154] 155] 156 | 27.25 
26 .8|25.6/24.4/23.2/22.0 

27.40 153] 154| 155| 156] 157 27.40 
28 .1/26.8]25.6/24.4/23.2 

27.55 162} 163] 164] 165] 166 27.55 
29 328.1 26 .8/25.6/24.4 

27.70 172| 173} 174] 175| 176 27.70 
30.5/29.3/28.1/26.8/25.6 

27.85 182] 183} 184] 185] 186 27.85 

: 31.7/30.5/29.3/28.1|26.8}: 

28.00 190} 191} 192] 193] 194 28.00 
7.4| 7.5| 7.6| 7.7| 7.8| 7.9] 8.0] 8.1| 8.2 : 
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TABLE 67 (Continued). 


8.00% Fat Basis 1000 pounds of | I ; 
Standardizing M.S.N.F =I pounds oO n each square: 


11.50% mix. Top fi : r 
paler iar es op figure: Pounds butter. 


13.00% Sugar Top and bottom lines: Center figure: Pounds water. 


cream mix -50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No. ! testing: — Side columns: powder. 
33.00% T. S. S. N. F. tests. (Blanks indicate none of kind required.) 
8.8 8.9) 9.0) 9.1) 9.2) 9.3) 9.4) 9.5] 9.6! 9.7) 9.8] 9.9/10.0 
; — 
22.0 50} 60} 70} 79) 89] 99) 108) 118} 127] 137] 147) 157] 166 22.0 
45. 6/47 .3/48. 9/50. 2/52.1/53.8)55.4/57.0/58 . 6/60. 2/61 .9/63.6/65.2 
22.15 51} 61) 71) 80} 90} 100) 109) 119} 128} 138] 148] 158] 167 22.15 
440/45. 6/47 .3]48.9]50. 2/52 .1]53.8/55.4/57.0/58.6/60.2/61.9/63.6 
22.30 52] 62) 72; 81) 91) 101) 110; 120) 129) 139) 149) 159) 168 22.30 
42.4|44.0/45.6/47.3/48.9/50.2]/52.1/53.8/55.4/57.0/58.6/60.2/61.9 
22.45 54] 64| 74] 83] 93) 103) 112] 122) 131] 141) 151] 161] 170 22.45 
40.7|42 .4/44.0/45.6/47.3/48.9/50.2/52.1/53.8/55.4/57.0/58.6/60.2 
22.60 55) 65} 75] 84). 94) 104) 113) 123] 132) 142) 152) 162) 171 22.60 
39.1]40.7/42.4]44.0)45.6/47.3/48.9/50.2/52.1/53.8/55.4/57.0/58.6 
~ 22.75 56} 66) 76] 85; 95] 105) 114) 124} 133) 143] 153) 163] 172 22.75 
37.5}39.1]40.7|42 .4/44.0/45.6/47.3/48.9/50.2)/52.1/53.8/55.4) 57. 
22.90 57|__67| 77) 86} 96} 106} 115] 125) 134) 144) 154) 164) 173 22.90 
35.8/37.5]39.1/40.7|42.4/44.0/45.6/47.3/48.9/50. 2/52 .1/53.8/55.4 
23.05 58] 68} 79] 88) 98] 108} 117) 127) 136) 146) 156) 166) 175 23.05 
34.2135 .8/32.5]39.1/40.7/42.4/44.0/45. 6/47 .3/48.9/50. 2/52 .1/53.8 
23.20 60} 70} 80) 89} 99] 109) 118) 128) 137] 147] 157) 167] 176 23.20 
32.6/34.2135.8]37.5]/39.1/40. 7/42 .4/44.0/45.6/47.3/48.9/50.2/52.1 
23.35 61] 71] 81} 90] 100] 110) 119} 129) 138] 148) 158} 168) 178 23.35 
30.9/32.6/34.2/35.8]37.5/39.1/40. 7/42 .4/44.0/45.6/47.3/48.9)50.2 
23.50 62| 72) 82} 91] 101} 111) 120) 130) 139} 149) 159] 169) 178 23.50 
29 .3/30.9/32.6/34.2/35.8]37.5/39.1/40.7/42.4:44.0/45.6/47.3/48.9 
23.65 63] 73] 83] 92] 102] 112} 121) 131} 140} 150] 160] 170} 180 23.65 
27.7/29 .3/30.9|32.6|34.2/35.8/37.5/39.1]40.7/42.4/44.0/45.6/47.3 
23.80 65| 75] 85] 94] 104] 114] 123] 132) 142] 152} 162) 172) 182 23.80 
26 .1/27.7/29.3/30.9;32.6]34.2/35.8/37.5/39.1/40.7/42.4/44.0/45.6 
23.95 66] 76] 86] 95] 105] 115} 124] 133] 143] 153] 163) 173) 183 23.95 
24.4/26.1/27.7/29.3/30.9/32.6/34.2/35.8]37.5|39.1/40.7/42.4/44.0 
24.10 67| 77] 87| 96] 106] 116] 125] 134) 144] 153) 164) 174) 184 24,10 
22 .8]/24.4/26.1/27.7/29.3/30.9/32.6/34.2/35.8/37.5/39.1/40.7)/42.4 
24.25 69] 79] 89] 98] 108] 118] 127] 136] 146] 155) 166} 176] 186 24.25 
21. 2/22 .8}24.4/26.1127.7|/29.3/30.9/32.6)34. 2/35. 8/37. 5/39. 1/40.7 
24.40 70| 80] 90] 99] 109} 119] 128) 137] 147] 156! 167) 177) 187 24.40 
19 .5/21.2/22.8]24.4/26.1/27.7|29 .3/30.9]32.6/34. 2/35. 8/37. 5139.1 
24.55 72| 82] 92] 101] 111] 121] 130] 139] 149) 158) 169) 179) 189 24.55 
17.9]19. 5/21. 2/22.8}24.4]26.1]27.7/29.3]30.9/32.6/34.2)35.8)/37.5 
24.70 73} 83] 93] 103] 112] 121] 131} 140} 150) 159} 170) 180) 190 24.70 
16 .3]17.9]19.5/21.2/22.8/24.4/26.1/27.7/29.3)/30.9/32.6/34.2)35.8 
24.85 74| 85] 94] 104] 113] 122] 133] 141} 151] 160} 171) 181) 192 24.85 
14.7116.3/17.9]19. 5/21. 2}22..8/24.4/26. 1/27. 7/29 .3/30.9/32.6) 34.2 
8.8] 8.9) 9.0) 9.1 5 
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8.00% 

Standardizing 11.50% 
table for ice 13.00% 
cream mix lL 50% 
No i testing: ————— 
33.00% 
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TABLE 67 (Continued). 


Fat 

MONS Nes 
Sugar 
Gelatin 


Toss 


Basis 1000 pounds of | In each square: 


mix. Top figure: Pounds butter. 
Top and bottom lines: Center figure: Pounds water 

Fat tests. Bottom figure: Pounds skim-milk 
Side columns: powder. 

S. N. EH. tests: (Blanks indicate none of kind required. ) 


161] 173] 183] 193 
27.7|/29.3/30.9/32.6 


162] 175] 185) 194 
26.1/27.7|29.3}30.9 


163] 176} 186} 196 
24.4/26.1/27.7/29.3 


165] 178] 188] 197 
22.8/24.4/26.1/27.7 


167} 180) 189] 198 
21.2/22.8/24.4/26.1 


189] 199 
22.8/24.4 


169 189} 200 
3]17.9 21.2/22.8 


2] 170 
16.3 


9.3) 9.4) 9.5) 9.6) 9.7) 9.8) 9.9]10.0 
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TABLE 68, 


8.00% Fat Basis 1000 ds of } I h Q 
Standardizing 12.50% M. S. N. F. mix. ibaa "Wop figure: Pounds butter. 
table for ice 13.00% Sugar Top and bottom lines: Center figure: Pounds water. 
cream mix -50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No. 2 testing: ————— Side columns: powder. 
34.00% T. S. S. N, F. tests. (Blanks indicate none of kind required.) 
Yo 
SANE: 6.0) 6.1) 6.2) 6.3] 6.4) 6.5) 6.6] 6.7] 6.8] 6.9] 7.0] 7.1] 7.2] 7.3 
31.6/30.2/28.8)27.4/26.1/24.7/23.3]21.9]20.6]19.2 17.8|16.4 15.0|13.7. 
22.76 22.76 
45 .8|45.6/45.4/45.1]44.9]44.7/44.3/44.1]43.9/43.6/43.4]43.2]43.0/42.7 
31.4/30.0/28.7/27.3/25.9]24.5/23.1/21.8/20.4/19.0]17.6]16.2/14.8/13.5 
22.92 22.92 
5/45 -1/42.9/42.7)42.4/42.2)41.9/41.7/41.5)41.2/40.9]40.7 
8 -1/25.7/24.3)/22.9)21.6)20.2/18.8]17.4/16.2|14.6)13.3 

23.08 23.08 
5 -0/40 .8/40.5/40.3/40.0 8]39 . 5/39 .3/39 .1/38.9}38.6 
-0/29.6 -9}25.5)24.1/22.7/21.4/20.0]/18.6]17.2/16.0/14.4/13.1 

23.24 23.24 
- 6/39 .3]é -9|38.7|38.5}38.2/37.9 7|37 .5|37.2|37.0/36.8/36.6 
-8]/29 4/28 .1/26.7/25.3/23.9/22.5/21.2 8}18.4]17.0/15.8]14.2)12.9 

23.41 23.41 
- 6/37 .4/37.1)36.9/36.7/36.5/36.3/36.1 8}35.6/35.4/35.1]/34.8/34.6 
6/29 .2)27.9/26.5)25.1/23.7/22.3/21.0 6}18.2)16.8/15.6/14.0/12.7 

23.57 23.57 
-5/35.2/35.0/34.8)/34.6/34.4/34.1133.9 7|33 .3)33.1/32.9/32.6/32.4 
.4/29 .0)27.7/26.3)/24.9)23.5/22.1/20.8 4/18 .0]16.6/15.4/13.8}12.5 

23.73 23.73 
-4133 .2/33.0)32.7)/32.5/32.3/32.0)31.7 5}31.3}/31.1/30.9/30.7/30.5 
- 2/28 .8)27.5/26.1)24.7/23.3/21.9120.6 2/17.8)16.4/15.2/13.6/12.3 

23.89 23.89 
-3/31.1/30.9/30.7/30.5/30.3/30.1]29.7 5/29 .1)28.9)28.7)/28.5/28.3 
0/28 .6/27.3/25.9)24.5/23.1/21.7/20.4 O}17.6)16.2/15.0/13.4)12.1 

24.06 24.06 
- 3/29 .0/28.7/28 . 5/28. 3|/28.0/27.8|27.6 4)27 .2|26.9/26.7/26.5}/26.3 
-8}28 .4/27.1/25.7/24.3/22.9/21.5)20.2 8}17.4)16.0)14.8/13.2/11.9 

24.22 24.22 
- 2/27 0/26. 8/26. 5)26. 3/26 .0/25.8)25.6/25.3/25.1124.9/24.6)24.4/24.2 
-6/28.2/26.9/25.5)24.1/22.7/21.3)20.0 6/17 .2/15.8/14.6)/13.0/11.7 

24.38 24.38 
-2)25.0/24.7/24.5/24.3/24.0/23.8/23.6 3/23 .1/22.9)22.6/22.4/22.2 
-4/28.0/26.7/25.3)/23 .9/22.5/21.1/19.8 4)17.0}/15.6/14.2)12.8)11.5 

24.54 24.54 
-1/22.9)22.7/22.5)22.2)/22.0/21.7)21.5 2)21.0/20.7/20.5/20.3/20.1 
-2/27.8/26.5)25.1/23.7)/22.3/20.9/19.6 2)16.8)15.4/14.0/12.6/11.3 

24.70 24.70 
0/20. 8/20. 6/20. 4/20.2/20.0)19.8)19.5 3}19.1]18.9)18.6)18.4/18.2 

ite 29 .0/27.6/26 .3/24.9/23.5|/22.1/20.7/19.4/18.0/16.6]15.2)13.8]12.4/11.1 are 
. 19.0}18.8/18.5]18.3/18.1]17.8/17.6/17.4)17.1/16.9)16.7/16.4)16.2)15.9 

ne 28 .8]27.4/26.1]24.7/23.3/21.9/20.5/19.2]17.8/16.4/15.0)13.6)12.2)10.9 ee 

-03 5 

16.9/16.7/16.5]16.3/16.1/15.8)15.6)15.4/15.1)14.9)14.7}14.5/14.3)14.0 | 

- 28 .6/27.2/25.9/24.5/23.1/21.7/20.3]19.0]17.6]16.2/14.8)13.4)12.0)10.7 meres 

25.19 . 
14.8]14.6]14.4/14.1]13.9]13.7/13.4]13.2)13.0]12.7)12.5)12.2)12.0)11.8 
28.4/27.0/25.7/24.3]/22.9/21.5/20.1]18.8/17.4|16.0]14.6]/13.2)11.8}10.5 gn 

25.35 ' 
12.8]12.6]12.4/12.1]11.9]11.7/11.4]11.2/11.0}10.7)/10..5}10.2/10.0) 9.8 
28 .2/26.8/25.5/24.1/22.7/21.3/19.9]18.6]17.2/15.8)14.4/13.0/11.6/10.3 Pre 

25.51 . 
10.8]10.6]10.4/10.1] 9.8] 9.5] 9.3] 9.1] 8.8] 8.6) 8.4/°8.1) 7.9) 7.7 
28.0/26.6/25.3/23.9/22.5/21.1]19.7]18.4]17.0/15.6/14.2)12.8/11.4/10.1 

25.68 25.68 
8.7] 8.5] 8.3] 8.1] 7.8] 7.5) 7.3] 7.1) 6.9) 6.7] 6.4) 6.2) 5.9) 5.7 
27.8/26.4/25.1/23.7/22.3/20.9]19.5)18.2/16.8/15.4/14.0)12.6)11.2) 9.9 

25.84 25.84 
6.6] 6.4] 6.2] 5.9] 5.7| 5.5] 5.3] 5.0] 4.8) 4.5) 4.3) 4.1] 3.8) 3.6 
27.6/26.2/24.9/23.5/22.1/20.7/19.3/18.0/16.6/15.2/13.8)12.4/11.0} 9.7 5666 

26.00 - 
4.6] 4.4] 4.2] 3.9] 3.7] 3.5] 3.3] 3.0] 2.8] 2.5) 2.3) 2.1) 1.8) 1.6 
6.0] 6.1] 6.2| 6.3| 6.4] 6.5] 6.6] 6.7) 6.8] 6.9] 7.0} 7.1) 7.2) 7.3 
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TABLE 68 (Continued). 


8.00% Fat Basis 1000 pounds of In each square: 
Standardizing 12.50% M. S. N. F. mix, Top figure: Pounds butter. 
table for ice 13.00% Sugar Top and bottom lines: Center figure: Pounds water. 
cream mix -50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No. 2 testing: Side columns: 


— powder. 5 
34.00% T. S. S. N. F. tests. (Blanks indicate none of kind required.) 


6.0 6.1] 6.2) 6.3) 6.4] 6. 
27.4/26.0)24.7123.3)21.9/20. A : -4/15.0/13. 
2 Ol eZ ohe ale Lo], Ll) dee 3 5 A ee 


27 .2/25.8)24.4/23.1/21.9/20. P : -1/15.8/14.6/13.4/12.2)11.0 
Lise 3 6 7 8 10} 12) 13 


28.0/26.8/25.6|24.4|23.1 ; : : Ped Rare | ; : 4/22. 
7 8 DLO Ld 2 3 15) 16 8 9 0 


29. 2|28.0|26.8|25.6|24.4|23.1/21.9|20.7|/19.5|18.3 
iz] is} is} 30} 21| 22) 23) 34] 33] 28 


30. 5/29 2/28 .0/26.8/25.6/24.4/23.1/21.9/20.7/19.5 
27) 28! 29) 30; 31) 32) 33) 34| 35] 36 


31.7/30.5/29.2/28 0/26. 8/25. 6)24.4/23.1/21.9/20.7 
37} 38] 39) 40) 41) 42) 44] 45] 46] 47 


32 .8/31.7/30. 5/29. 2/28 .0/26.8/25.6/24.4/23.1121. 9}: 
46) 47) 48] 49) 50) 51) 52) 53) 54) 55 


34.1/32.8/31.7/30.5/29. 2/28. .8}25.6/24.4/23.1 
56) 57} 58) 59) 61 2 3) 64) 65) 66 


35 .3/34.1/32.8]31.7/30. . é -8)25.6/24.4)% 
66, 67} 68] 69 0 1 2) 7% 75| 76 


36 .5/35.3/34.1/32.8)/31. : ; -0/26. 8/25. 62 
76) 77| 78) 79 0 J 3 4| 85) 86 


37 .8|36 .5)35.3/34.1 . P . 5/29 .2)28 0/26. 8) 
85} 86) 87| 88 Sh 2) 93) 95 


39 .0/37. 8/36 .5)35.3 ; 31.7/30.5)/29.2 
95} 96) 97) 98 2) 103 


40 .2/39 0/37 .8/36.5 
105} 106} 107} 108 


40.2 
16 


28.0 
148 


5/29 .2 
159 


30.5 
167 


164] 165] 166] 16 68| 16 72| 173| 17 73) tz0li7a| 178 


48.7|47.5/46. j 37 .8)36.5/35.3)34.1]32.8 
174) 175 183] 185 187] 188 


Standardizing 
table for ice 
cream mix 
No. 2 testing: 


50% Gelatin 
34.00% T. S. S. N. F. tests. 
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TABLE 68 (Continued). 


387 


Basis 1000 pounds of | In each square: 


mel its mix, Top figure: Pounds butter. 
Top and bottom lines: Center figure: Pounds water. 
Fat tests. Bottom figure: Pounds skim-milk 


Side columns: 


cs 
Nl oe 
Ss 


cs 
— 
> 
~ 


8.2) 8.3} 8.4) 8.5) 8.6) 8.7 


: 1} 10] 20] 29) 39 
39.8]40.7/42.5/44.3/46.0/47.8 


powder. 
(Blanks indicate none of kind required.) 


wo 


wo 
o 
w 
ive} 


wo 
bo 


wo 
ae 


1.0 
2} 11) 21); 30) 40 
38.7|38.9|40.7/42.5}44.3/46.0 


; Al eal Si 23] S2\ 42 
36.7/37.2/38.9/40.7|42.5/44.3 


wo 
to 


oo 
or 
oo 
» 


wo 
co 


w 
nN 


w 
w 


: 5| 14] 24] 33] 43 
34.5135.4/37.2/38.9/40.7/42.5 


i 7| 16] 26] 35) 45 
32.6|33.6/35.4/37.2/38.9|40.7 


wo 
a 
@le wlo olo wlo plo o 


wo 


w 
So 
0) 
So 
x 


; sug) PA Beh AG 
30.5|31.9/33.6/35.4/37.2/38.9 


_ 


to 
oo 
wo 
co 


; 9| 18] 28] 37] 47 
28.5/30.1/31.9]33.6/35.4|/37.2 


ole ele wle ale Via ola nla ow 


a 


bo 
_ 


i] 
a 


1] 11; 20; 30) 39) 49 
26. 4/28 .3/30.1/31.9/33.6)35.4 


ous 


NS 
me bo 


2) 12) 21| 31) 40) 50 
24.8/26.6/28.3/20.1/31.9/33.6 


to 


4) 23) 33) 42) 52 
23 .0)24.8/26.6/28.3/30.1/31.9 


wo 
o 


5 5} 24) 34) 43 
21. .0/24. 8/26 .6/28.3 


No wlio elo alo wlo ole wle ple alw wlw olw wlm - 
H to 


~ 
Go 


6|_ 25) 35) 44 
19. .2/23.0)24.8/26.6 


= 
a = 


8| 27) 37) 46 
21.2/23.0/24.8 


= 
~~ ee 


9] 28) 38) 47) 57 
19.5/21.2/23.0/24.8 


= 
Nu Fe 


30] 40} 49} 59 
17.7/19.5/21.2)23.0 


2} 31) 41] 50) 60 
15.9]17.7/19.5)21.2 


3] 13] 23] 32] 42) 51) 61 
10.6/12.4/14.2)15.9)17.7/19.5 


15} 25) 34] 44) 53] 63 
8.9]10.6]12.4/14.2)15.9]17.7 


16) 26] 35) 45) 54] 64 
7.1] 8.9|10.6)12.4)14.2)15.9 


to 
owlo BlHY oly ole olm wile wala ala wla oly wily plo alo wlo olo wlo ble alu wl o 


7| 56) 66 
12.4]14.2 


m clw ola olny w]e 


a) 
70 
3 
dP 
i 
ue 
“9 
9 
ff 
=f 
a) 
-8 
3 
6) 
Pt 
6 
9 
5 
7 
5 
5 
4 
3 
4 


x 
= 


eo alo nico colo ele wl alw niw ole ele wle ala Ylo oly HIN wl alo Ylo ole Llo a 


SuSE Veoillou lot eollion gulla sailioo cori00) Ev lio eo lice, oun allies tol te) RD Cosco @ulico eaillen colle ieulleu colllen oe 


PLS Le PLO BR] OO 
wis Nl Rk Wl wlo w 
elo el PR BF I1 OD NloO Ww 


7.8| 7.9] 8.0} 8.1 


8.2] 8.3} 8.4] 8.5) 8.6) 8.7 
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TABLE 68 (Continued). 


8.00% Fat Basis 1000 pounds of In each square: 
Standardizing 12.50% M. S. N. F. mix. ‘ Too figure: Pounds butter. 
table for ice 13.00% Sugar Top and bottom lines: Center figure: Pounds water. | 
cream mix 00% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No, 2 testing: ————— Side columns: powder. 


34.00% T. S. S. N. F. tests. (Blanks indicate none of kind required.) 


23.1/21.9/20.7/19.5/18.3]17.1/15.8]/14.6}13.4/12.2]11.0] 9.7| 8.5] 7.3 

28.10 121) 122) 124) 125) 126] 127) 128) 129} 131] 132] 133] 134] 135] 136 28.10 
244/23 .1/21.9/20.7/19.5)/18.3/17.1/15.8]14.6]13.4]12.2]/11.0] 9.7] 8.5 

28.27 130} 131] 132] 134] 135] 136] 137} 138] 140] 141] 142] 143] 145] 146 28.27 
25. 6/24. 4/23 .1/21.9/20.7/19.5/18.3]/17.1/15.8|14.6]/13.4]12.2]11.0] 9.7 

28.43 140} 141} 142) 143] 144] 146] 147) 148] 149] 150] 151] 152] 153] 154 28.43 
26 8/25 .6/24. 4/23 .1/21.9/20.7/19.5]/18.3]17.1]15.8]14.6]/13.4]12.2111.0 

28.60 150) 151) 153) 154) 155) 156] 157) 158} 159] 160] 162] 163] 164] 165 28.60 
28 0/26 .8/25.6)24. 4/23 .1}/21.9/20.7/19.5)18.3)17.11/15.8]14.6|13.4/12.2 

28.76 160} 161] 162) 164} 165] 166] 167) 168) 169) 170} 171] 172] 174] 175 28.76 
29.2128. 6/26 .8}/25.6/24. 41/23 .1/21.9/20.7/19.5/18.3]17.1/15.8]14.6 ee 

28.93 168} 169} 170} 171) 173} 174) 175) 176] 177] 179} 180] 181] 182] 183 28.93 


‘ . 2/28. pal 
29.09 179) 180} 18 91) 192] 194 29.09 


31.7/30.5/29.2}28 0/26. 8/25. 6/24. 4/23 .1/21.9/20.7/19.5|18.3117.1|15.8 
29.25 189} 190] 191) 192) 193) 194) 195} 197] 198] 199] 200] 201] 202] 203 29.25 


TA TiS Gl sGi7in 21-89 SONS 1 esa Sasi Sed |i Ses) See lleeiez 


Standardizing 
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TABLE 68 (Continued). 


8.00% Fat 


Basis 1000 pounds of 


In each square: 


389 


r 
12.50% M. S. N. F. mix. R 
table for ice 1 100% Sugar Top and bottom lines: Geniae Beikone Poubiin Wate 
cream mix .50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No. 2 testing: ————— Side cojumns: powder. . ; 
34.00% T. S. . N. F. tests. (Blanks indicate none of kind required.) 
48] 58) 67| 77| 86 6 1 
49 .6)/51.3/53.1/54.9/56.7/58.4/60.2/62.0!63.7/65.5/67.3/69.0/70.8 
vad We 49 59 68 78 87 7| 106} 116} 125) 135] 144] 154] 163 22,92 
47 .8}49.6/51.3/53.1154.9|56.7/58.4/60. 2/62 .0/63.7/65.5|67.3/69.0 
23.08 51]; 61} 70) 80} 89] 99] 108) 118] 127) 137] 146} 156) 165 23 
46 .0/47.8/49.6/51.3/53.1/54.9/56.7}/58.4/60. 2/62 .0/63.7/65.5)67.3 ase 
23.24 52] 62) 71) 81] 90} 100] 109] 119] 128} 138) 147) 157) 166 23.24 
44.3/46.0/47.6/49.6/51.3)53.1/54.9)56.7/58. 4/60. 2/62 .0/63.7|65.5 
23.41 54| 64] 73] 83] 92] 102] 111] 121] 130] 140] 149] 159) 168 23.41 
42.5|44.3/46.0/47.8|49.6/51.3/53.1/54.9/56.7/58.4/60.2/62.0/63.7 
23.57 5 65} 74] 84} 93] 103] 112} 122] 131] 141] 150} 160] 169 230 
40. 7/42 5/44 . 3/46 0/47. 8/49. 6/51. 3/53. 1|54. 9156. 7/58. 4/60. 2)62.0 
23.73 56] 66) 75) 85] 94] 104] 113} 123] 132] 142) 151) 161) 170 23075 
38.9/40.7|42.5]44.3/46.0/47.8]49.6]51.3/53.1154.9/56.7|58.4/60.2 
23.89 8] 68] 77] 87} 96] 106] 115] 125} 134) 144] 153) 163) 172 23.89 
37.2/38.9|40.7/42.5/44.3/46.0/47.8/49.6/51.3/53.1/54.9]/56.7/58.4 
24.06 9} 69] 78] 88] 97] 107] 116] 126] 135) 145) 154] 164) 173 24.06 
35.4137.2138.9|40.7|42.5|44.3/46.0]/47. 6/49. 6/51 .3/53.1/54.9/56.7 
24.22 61] 71} 80} 90] 99] 109] 118} 128} 137] 147} 156} 166) 175 24.22 
33.6135.4137.2/38.9/40.7|/42.5/44.3/46.0/47. 8/49. 6/51. 3/53.1)54.9 
24.38 62] 72] 81) 91] 100} 110] 119; 129) 138] 148] 157) 167) 176 24.38 
31.9133.6/35.4/37.2138.9|40.7|42.5/44.3/46.0/47. 8/49. 6/51. 3/53.1 
24.54 63] 73] 82] 92] 101] 111] 120) 130] 139] 149) 158} 168) 177 24.54 
30.1/31.9133.6/35.4/37.2/38.9/40. 7/42. 5/44. 3/46.0/47.8/49.6/51.3 
24.70 65| 75) 84| 94] 103} 113] 122] 132] 141} 151] 160} 170) 179 24.70 
28 .3/30.1|31.9|33.6|35.4]37.2|38.9|40.7/42.5/44.3/46.0/47.8/49.6 
24.86 66 85| 95) 104) 114 oes 133] 142] 152] 161] 171] 180 24.86 
26. Blas” 3/30" 1/31.9]33.6|35.4/37.2]}38.9|40.7/42.5/44.3/46.0/47.8 
25.03 68] 78] 87] 97] 106] 116] 125] 135] 144] 154} 163} 173) 182 25.03 
24.8126. 6128.3/30.1131.9/33.6/35.4137.2/38.9]40.7/42.5/44.3/46.0 
25.19 69]. 79] 88} 98] 107] 117) 126] 136) 145 158 164] 174| 183 25.19 
23.0124 .8126.6/28.3/30.1/31.9]33.6/35.4/37.2/38.9/40.7/42.5 44.3 
25.35 70| so} 89] 99] 108] 118] 127] 137] 146) 156) 165) 175 184 25.35 
21. 2/23 .0124.8]26.6|28.3|30. 1/31 .9/33.6/35.4/37.2/38.9/40.7/42.5 
25)./51 72| 82} 91] 101] 110] 120] 129) 139) 148) 158} 167) 177 186 Zook 
19.5121. 2/23 .0/24.8/26.6]/28.3/30.1]31.9)/33.6/35. 4/37. 38.9/40.7 
25.68 73| 83} 92] 102] 111] 121} 130] 140} 149) 159 168] 178) 187 25.68 
Pfelel 195/21. 2/23 .0/24.8/26.6}28.3]/30. 1/31 .9/33 .6)35.4/37.2 38.9 
25.84 75| 85) 94] 104] 113] 123] 132} 142) 151] 161 170) 180} 189 25.84 
15.9]17.7|/19.5]21.2/23.0}24.8/26.6/28.3)30.1 31.9/33.6|35.4/37.2 
26.00 76| 86] 95) 105] 114] 124) 133) 143) 152 162} 171} 181) 190 26.00 
14.2]15.9]17.7]19. 5/21. 2/23 .0]24. 8/26. 6/28. 3/30.1131.9}33.6)35.4 
pee | 8.8} 8.9 9.0| 9.1] 9.2] 9.3] 9.4) 9.5 9.6] 9.7] 9.8] 9.9)10.0 
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TABLE 68 (Continued). 


{ 8.00% Fat Basis 1000 pounds of , In each square: 
Standardizing 12.50% M. S. N. F. mix. Top figure: Pounds butter. 
table for ice 13.00% Sugar Top and bottom lines: Center figure: Pounds water. 
cream mix .50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No. 2 testing: — Side columns: powder. 
34.00% T. S. S. N. F. tests. (Blanks indicate none of kind required.) 


125) 134 
21.2)23.0 


2111.0 : 8.5 .3] 6.1 A 


1 : ; SOS 7 f 2 
197 3} 200 202] 203) 204 5| 206 


6}13.4)/12.2 , 9.7 


: -o| 7.3) 6.1) 4.0) 3.7) 2.4] 1.9 
206] 207} 208} 209 211) 212) 213] 215] 216} 217) 218 


—_—_—|——_— | | | | | | | | | Et 


8.9] 9.0} 9.1) 9.2) 9.3] 9.4) 9.5} 9.6) 9.7] 9.8] 9.9]10.0 
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TABLE 69. 

Standardizing ereeys Fat Nie Ee | espa shal de ARCnet Potads butter 
papier ee apes pur. Popeye becom lines: cet Beate: Pounds water. : 
No. 4 testing: —— Side columns: Segoe Se ee ae 

34.00% T. S. S. N. EF. tests. (Blanks indicate none of kind required.) 
Ol Oe el Cie dmc eel meee Ol ae Oltitiodh 122.8] 10 Ol S20) Sill) 8.2] 8.3 
22.56 “BI .6|30.2)38.8]27.4|26.0|24.6|23.2|21. 8|20.4|19.0|17.6|16.1|14.7|13.8 Sea 
33.6] 33.4/33.2)33 0/32 .8/32.6/32.4/32.3/32.1/31.9]31.7/31.5/31.4/31.2 
ony 31.4/30.0)/28.6)27.1/25.9/24.4/23.0/21.7/20.3)18.7|17.3/15.9]14.5]13.1 Does 
32.1/)31.9/31.7)31.5)31.3/30.9)/30.8]30.6|30.4/30.2/30.0/29.9]29.9|29.7 
aro 31.2/29.8/28.4/27.0)25.7/24.2)22.9/21.5)/20.1/18.5]17.1/15.7|14.3|12.9 Soar 
30.6)30.4/30.2/30.0)29 8/29. 5)29. 4/29. 2/29.0)28.9/28.7/28.5/28.3/28.1 
tek 31.1/29.6/28.2)26.8/25.5/24.0/22.7/21.3/19.9}18.3)16.9 15.5(14.1|12.7 potas 
30. 1/29 .0)28.8/28. 6/28. 4/28. 2/28 .0)27.8/27.7|/27.5|27.3/27.1/27.0/26.8 
30.9]29.5/28.1|26.7]25.3/23.8]22.6]21.1]19.8]18.1 16.8|15.3 13.9/12.6 
Sean 27 .6|27 .4)27.2/27.0/26.9/26.7/26.5/26.3/26. 2/26 .0)25.8/25.6/25. 4125.3 aly 
30.7/29.4/27.9)26.5/25 .1)23.7/22.4/21 .0/19.6/18.0)16.5)15.1/13.8]12.5 
Sid 26.1/26.0)25.8/25.6)25.4)/25.2)25.1/24.9/24.7/24.5|24.3/24.1/23.9/23.8 eae 
30.6/29.2)27.7/26.3)24.9/23.6)22.2/20.8/19.4)17.8]16.3]14.9/13.6]12.3 
eoiiee 24.7/24.5/24.3/24.1/23.9/23.7)23.5/23.4/23.2/23 .0/22.81/22.6)22.4)22.2 ls 
30. 4/29 .0/27.6)26.2/24. 8/23 .3/22.0/20.6/19.2)17.6]16.1/14.8]13.5]12.1 
oe 23 .2/23.0/22.8122 .6/22.4/22.2)22.1/21.9)21.7/21.6/21.4/21.2/21.0/20.9 shen 
30. 2/28 .8/27.4)26.0/24.7/23.1/21.8)/20.5/19.0)17.5]16.0/14.7/13.3)11.9 
oe 21.7/21.5/21.3/21.1/20.9/20.8/20.6|20.4/20.2/20.0)19.9]19.7|19.5]19.3 Aa 
30.0)29.7/27.2)/25.8/24.5/22.9/21.6/20.3/18.8)17.3/15.9)14.5)13.1]11.7 a 
fae 20.2/20.0/19.8}19.6}19.4/19.3/19.1/18.9/18.8]18.6/18.4/18.2)18.0]/17.8 Beles 
29 .8/28.5/27.1125.7|24.3/22.8)21.5/20.1)18.7)17.2)15.7)14.4/12.9]11.6 
aes 18.7/18.5)18.4)18.3}18.1)17.9)17.7/17.5)17.3)17.1/16.9)16.7/16.5)16.3 page 
Bagi 29.7/28.3/26.9|25.5|24.1/22.7/21.3)/19.9]18.5)17.0]/15.6)14.2)12.7)11.4 earl 
17.3]17.1/16.9]}16.7/16.5)/16.3)16.1/16.0/15.8)15.6}15.4)15.2)/15.0)14.8 
eros 29.5)28.1/26.7/25.3/23.9/22.5/21.1/19.7/18.3]/16.8]15.4)14.0)/12.6)11.2 a atos 
15.8]15.6/15.4/15.2}15.0]/14.8)/14.6)14.4/14.3/14.1/13.9]/13.7/13.5/13.3 
ae 29.3/28.0/26.5}25.1/23.7/22.4/20.9]19.6]18.2)16.6]15.2)13.9)12.5]11.1 ae 
14.3]14.1]13.9]13.7}13.5}13.2)13.1)12.9)12.8)}12.6)12.4]12.2]12.0)11.8 
Cia 29.1)27.9|/26.4|24.0/23.6)22.2/20.7|19.4/18.0)16.5]/15.0)13.7/12.3]10.9 F EK 
12.8]12.6]/12.4]12.2)12.0]11.8]11.6)11.4]11.2)11.1)10.9}10.7/10.5]10.3 
ase 29.0/27.6/26.2/24.8/23.4/22.0/20.6/19.2/17.8/16.3]14.8]13.5]/12.1]10.7 Bias 
11.3/11.1/10.9]10.7]10.5}10.3)10.2/10.0) 9.8] 9.6) 9.4) 9.2) 9.0) 8.8 
nae 28.8/27.4/26.0/24.6/23.2/21.8/20.4)19.0]/17.6/16.1]14.7/13.3]11.9/10.6 Pane 
; 9.8| 9.6] 9.4] 9.2] 9.0] 8.8] 8.6] 8.4] 8.2] 8.0) 7.9) 7.7) 7.5) 7.3 
eaten 28 .6/27.3|25.9/24.5/23.1121.7/20.2)18.9]17.5)15.9/14.5)13.1 11.8|10.4 ames 
: SS Sal e7 29 water ale cosine Li Oe Ol. S166) 6.41 6.2] 6.01" 5.8 
ied 28.4/27.1/25.7/24.3|22.9]/21.5/20.1/18.7}17.3)15.8|14.3]12.9}11.6)10.2 o4L76 
6.8] 6.6| 6.4] 6.2) 6.0] 5.8] 5.6) 5.4) 5.3] 5.1] 4.9] 4.7) 4.5) 4.3 
rete, 28 .3}26.9/25.3/24.1/22.7/21.3]19.9]18.5]17.1]15.6/14.2)12.8)11.4)10.0 24.88 
i 5.3] 5.1] 4.9] 4.7] 4.5] 4.3] 4.1] 3.9] 3.8] 3.6] 3.4] 3.2) 3.0) 2.8 (eget Mes | 
28.00 28.1126. 7/25.3}/23.9/22.6/21.1/19.7]18.3]16.9]15.4]14.0}12.6)11.2} 9.8 BEOO 
, 3.8| 3.6] 3.4] 3.2] 3.0] 2.8] 2.6] 2.4) 2.3) 2.1] 1.9) 1.7] 1-5) 1-3 | 
Fal 7al 7-2] 7-3] 7-4] 7.5] 7-6] 7.7| 7-8| 7.9] 8.0] 8.1] 8.2] 8.3 


SO 
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TABLE 69 (Continued). 


{ 9.00% Fat Basis 1000 pounds of { In each square: 
Standardizing 11.50% M. S. N. F. mix, Top figure: Pounds butter. 
table for ice 13.00% Sugar Top and bottom lines: Center figure: Pounds water. 
cream mix 50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 


No. 4 testing: — Side columns: powder. 

34.00% T. S. S. N. F. tests. (Blanks indicate none of kind required.) 
a a a a 
7.0| 7.1| 7.2| 7.3| 7.4] 7.5] 7.6] 7.7| 7.8| 7.9] 8.0] 8.1] 8.2] 8.3 
27.9|26.5/25.1|23.7|22.3/20.9]19.5/18.1]16.7|15.2|13.8]12.4/11.0) 9.8 
25.12 lh 93) CBs 

By) Dal) LO) Sed a te all) se a) Gz 

27.7/26.3/24.9/23.5/22.1/20.8/19.6]18.4|17.2]15.9/14.7/13.5/12.3]11.0 

25.24 i od a a Sole HS | |e rapa 

Bal EGP 

28.2|27.0125.8|24.5]/23.3/22.1/20.8/19.6]/18.4]17.2|15.9]14.7/13.5|12.3 

25.37 A FG ow i0 1 1 16| Miti7a lme2 Sasa 
29. 4|28.3/27.0/25.8/24.5/23.3/22.1/20.8/19.6/18.4]17.2/15.9]14.7/13.5 

25.49 12| 13) 14) i5| ie] i7| 18] 19) 20] 22) 23) 24) 25) 26] 25.49 
30.7/29.4|28.2127.0]/25.8]/24. 5/23.3/22.1/20.8]19.6]18.4]17.2|15.9]14.7 a 

25.61 21] 22| 23) 24| 25| 26] 27] 28) 30] 31| 32] 33] 341 35] 25.61 
31.9/30.7/29.4|28.21/27.0/25.8]24.5/23.3|/22.1/20.8/19.6/18.4117.2]15.9 

25.73 29) 30] 31| 32| 33] 34| 35! 36] 37| 38! 40) 41] 42] 43] 25.73 
33.1131.9130.7/29.4/28.2/27.0/25.8/24.5/23.3/22.1/20.8]19.6]18.4|17.2 

25.86 33] 39] 40] 41] 42] 43] 44] 45] 46] 48! 49] 50] 51] 52] 25.86 
34. 3/33.1|31.9]30.7/29.4/28.2/27.0/25.8/24.5/23.3|22.1/20.8]19.6|18.4 

25.93 47| 48) 49] 50] 51| 52] 53! 54) 55| 57] 58| 59] 60] 61] 25.98 
35. 5/34. 3/33.1/31.9130.7/29.4/28.2|27.0125.8]/24.5/23.3122.1/20.8|19.6 

26.10 55] 56] 57| 58] 59] 60] 61] 62] 63] 65] 66] 67| 68| 69] 26.10 
36.8135. 5|34.3/33.1/31.9130. 7/29. 4/28.2/27.0/25.8/24.5/23.3]/22.1/20.8 

26.22 64] 65] 66| 67| 68| 69] 70] 71) 72| 74) 75| 76| 77| 78) 26.22 
38.0136.8|35.5]/34.3/33.1/31.9/30.7|29.4/28.2|27.0]/25.8|24.5]2 

26.35 rel el) Zeal eal eel) 7A) 8) 83] ,84| 85 338] 87 26.35 
39.2/38.0/36.8]35.5/34.3/33.1/31.9/30. 7/29. 4/28. 2127 .0/25.8|24.5 

26.47 81] 82} 83] 84] 85] 86] 87] 88] 90] 91) 92] 93 gal’? 98 26.47 
405/39 .2/38.0/36.8/35.5/34.3/33.1/31.9/30.7/29.4/28.2]27.0]25.8Is i 

26.59 90} 91} 92} 93] 94] 95] 96! 97] 98] 99] 101] 102 to3| 103 26.59 
41.7/40.5|39. 2/38 0/36. 8/35 .5/34.3/33.1/31.9/30.7/29.4]28. 2/2701: 

26.71 98} 99] 100] 101] 102] 103] 104] 105] 106] 107| 109| 110 iit rid 26.71 
42.9]41.7/40.5/39.2/38.0/36.8/35.5/34.3/33.1131.9/30.7|29.4 

26.84 107] 108] 109] 110] 111} 112] 113] 114] 115] 116] 118 1i9| 120 mes 26.84 
44 .2|42.9141.7/40.5/39.2/38.0136.8135.5/34.3/33.1/31.9130.7|: 

26.96 115] 116] 117] 118] 119] 120] 122] 123] 124] 125] 126 rey 7058 7859 26.96 
“| 45.4/44.2/42.9/41.7/40.5/39.2138.0136.8/35.5/34.3133.1131 : 

27.08 124] 125] 126] 127] 128] 129] 130] 131] 132] 133] 134 138 30535 7937 27.08 
46 .6/45.4|44.2/42.9|41.7/40.5/39.2/38.0/36.8135.5134. 313: 

27.21 133] 134] 135] 136] 137] 138] 139] 140] 141] 143] 144 3345 3146 304) 27.21 
47.8146 .6|45.4/44.0|42.9]41.7/40.5/39.2138.0/36.8135.5|34. 

27.32 141] 142] 143] 144] 145] 146] 148] 149] 150] 151] 152 3t53 ao 7158 27.32 
49.0|47.8146.6]/45.4|44.0|42.9141.7/40.5/39.2133.0/36. 

27.45 150] 151] 152) 153] 154] 155] 156] 157| 158] 159 $60 tsi 3468 3963 27.45 


7.0) 7.1) 7.2) 7.3) 7.4] 7.5) 7.6] 7.7] 7.8] 7.9) 8.0] 8.1] 8.21 8.3 


——LSS ee sess 
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TABLE 69 (Continued). 


2 { 9.00% Fat Basis 1000 pounds of | In each square: 
Standardizing 11.50% M. S. N. F. mix. Top figure: Pounds butter. 
table for ice 13.00% Sugar Top and bottom lines: Center figure: Pounds water. 
cream mix -50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No. 4 testing: ————_ Side columns: powder. 
34.00% T. S, S: N. F. tests. (Blanks indicate none of kind required.) 


8.4) 8.5) 8.6) 8.7) 8.8 
Up 

31. 

ll. 

29.6|29.4|29.2|29.0l28. 
11.6|10.2| 8.7] 7.4| 5. 
28.0|27.8|27.6|27.4)27. 
11.5| 9.9] 8.5] 7.2] 5. 
26. 6/26.4|26.2|26.0|25. 
11.3| 8.7| 8.4| 7.0| 5. 
25. .7/24.5)24. 
11. 21 6.8] 5. 
23. .2/23.0]22. 
10. 0] 6.6| 5. 
22. -7]21.5]21. 
10. -8| 6.4) 5. 
20. -3/20.1|19. 
10. 6. 
19. 18. 
10. 
17. 
10. 


x 


oNla colo ola 


1; 40) 49 
21.2|22.5 


2} 41) 50 
19.9/21.2 


a Olre OLX Ol] KHIM W 


3] 42) 51 
18.5]19.9 


_ 
wo wo 


' 


is 
1 
6ls 
9 
0 
ri 
a 
6 
2 
4 
if 
2 
v3 
0 
avs 
-8 
.2 
-6 
eit 


4| 43) 52 
17.2)18.5 


bole ie 


6} 44) 53 
15.91)17.2 


oa plo pla alo rla colo ola wlio ala a 


AlwW WM!1O O1HW NHI1O wWlw alo NIlw O10 COI1W HF1O WlwW GH!O 


BlN ole oly ols HI wl a 
alrwm alo ala ala ala alo alr o 
Blo Plo Rilo PLM Plo alo ale a 
Hl PID Ale NID OO] HID 


8.4] 8.5] 8.6] 8.7] 8.8] 8.9 
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TABLE 69 (Continued). 


{ 9.00% Fat Basis 1000 pounds of | In each square: 


Standardizing 11.50% M. S. N. F. mix. Top figure: Pounds butter. 
table for ice 13.00% Sugar Top and bottom lines: Center figure: Pounds water. 
cream mix .50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No. 4 testing: —————_ Side columns: powder. 
34.00% T. 8S. S. N. F. tests. (Blanks indicate none of kind required.) 


28.2 
158 


9/30.7/29.4 
169] 170 
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TABLE 69 (Continued). 


: 9.00% Fat Basis 1000 pounds of | In each square: 
Standardizing 11.50% M. S. N. F. mix. Top eciees Pounds butter. 
table for ice 13.00% Sugar Top and bottom lines: Center figure: Pounds water. 
cream mix. -50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No. 4 testing: 9 ———_ Side columns: powder. 
34.00% T. S, SiON EY ‘tests: (Blanks indicate none of kind required.) 


9.8) 9.9)/10.0)10.1/10.2/10.3/10.4/10.5/10.6)107.|10.8/10.9)11.0 


47) 55} 63) 72) 80) 89] 97] 106] 114} 122] 131] 139] 148 22.56 
37.1/38.4/39.7/41.1/42.4|43.7/45.0|46.4/47.7/49.0/50.4/51.6/52.9 


48) 56) 64) 72) 81) 90} 98} 107] 115} 123] 132] 140) 149 22 
35.8/37.1/38.4/39.7/41.1/42.4)/43.7/45.0/46.4147.7/49.0/50.4/51.6 ati 


9} 57) 65) 72) 82! 91] 99] 108] 116] 124) 133] 141] 150 ae 
34.4/35.8/37.1/38.4/39.7/41.1/42.4/43.7/45.0/46.4|47.7/49.0/50.4 sas 


50} 58] 66} 74] 83) 92) 100] 109) 117] 125) 134] 142) 151 22.93 
33.1/34.4/35.8/37.1/38.4/39.7/41.1/42.4/43.7/45.0]/46.4/47.7|49.0 


51] 59} 67) 75) 84) 93) 102) 110) 118} 125] 135) 143) 152 23.05 
31.8/33.1/34.4/35.8/37.1/38.4/39.7/41.1/42.4/43.7/45.0]/46.4/47.7 

52} 60) 68) 76) 85} 94] 102] 111) 119] 127) 136] 144) 153 23.17 
30.5/31.8)/33.1/34.4/35.8]37.1/38.4/39.7/41.1/42.4/43.7/45.0146.4 

53]. 61) 69) 78) 86] 95] 103] 112) 120) 128) 137] 145) 154 23.29 
29 .1/30.5/31.8/33.1)34.4/35.8/37.1/38.4/39.7/41.1/42.4/43.7/45.0 

54| 62) 70) 79) 87) 96) 104} 113] 121) 129) 138) 146) 155 23.42 
27.8/29.1/30.5/31.8/33.1/34.4/35.8/37.1/38.4/39.7)41.1/42.4/43.7 

5 63] 71) 80) 8 97) 105} 115) 122) 130) 139) 147) 156 23.54 
26.5/27.8)29.1/30.5/31.8/33.1/34.4/35.8/37.1/38.4/39.7|41.1/42.4 

57) 64! 72) 81) 89} 99] 107] 116) 124) 131] 140) 144] 157 23.66 
25.2/26.5/27.8/29.1/30. 5)31.8/33.1/34.4/35.8/37.1)38.4)39.7/41.1 

58} 65! 73) 82) 90) 100} 108) 117) 125) 132) 141) 145) 158 23.78 
23.8/25.2/26.5/27.8)29. 1/30. 5/31 .8)/33.1/34.4/35.8/37.1/38.4/39.7 

59} 66) 74) 84! 92] 101} 109] 118) 128] 134] 143) 151) 160 23.91 
22.5/23.8)25.2/26.5/27.8)29.1/30. 5/31. 8)/33.1/34.4/35.8)37.1/38.4 

60} 68} 76) 85} 93} 102) 110] 119) 127) 135) 144) 152) 161 24.03 
21. 2/22 .5/23.8]25. 2/26. 5/27. 8/29. 1/30.5/31.8/33.1/34.4/35.8)37.1 

61] 69} 77] 86] 94] 103] 111] 120} 128] 136} 145) 153) 162 24.15 
19.9]21.2}22.5)23.8/25.2/26.5/27.8/29.1/30.5/31.8/33.1/34.4/35.8 ¥.| 

62] 70} 78] 87] 95} 104] 112) 121] 129) 137) 146) 154) 163 24.27 
18.5]19.9/21.2/22.5/23.8/25.2)26.5/27.8/29.1/30.5/31.8)/33.1/34.4 

63] 71} 79] 88] 96] 105] 113] 122) 130} 138) 147) 155) 164 24.39 
17.2/18.5/19.9]21.2}22.5]/23.8/25. 2/26. 5/27.8/29.1/30.5/31.8/33.1 

64] 72! 80] 89] 97] 106] 114} 123) 131} 139] 148) 156) 165 24.52 
15.9]17.2]18.5/19.9/21.2]/22. 5/23 .8/25. 2/26. 5/27. 8/29. 1/30.5/31.8 

65| 73] 81] 90] 98] 107] 115] 124] 132] 140] 149] 157) 166 24.64 
14.6/15.9]17.2/18.5/19.9/21. 2/22 .5/23 8/25. 2/26. 5]27.8/29.1/30.5 

66] 74] 82] 91] 99] 108] 116] 125] 133] 141) 150} 159) 168 24.76 
13.3/14.6/15.9/17.2]18.5]19.9/21.2/22. 5/23 .8/25. 2/26 .5)27.8}29.1 

67| 75| 84] 93] 101] 109] 117] 126] 135) 143) 152) 159) 168 24.88 
11.9/13.3}14.6/15.9]17.2]18.5]19. 9/21. 2/22. 5/23. 8]25.2/26.5)27.8 

6 vf 4) 10 0} 118] 127] 136} 144) 153) 161] 169 25.00 


8 6] 85) 94) 102) 11 
10 .6]11.9/13.3/14.6]15.9/17. 2/18. 5)19.9]/21. 2/22 .5}23.8)25.2)26.5 


9.8| 9.9]10.0/10.1/10. 2/10. 3/10. 4|10.5/10.6/10.7)10.8}/10.9)11.0 
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TABLE 69 (Continued). 


9.00% Fat Basis 1000 pounds of | In each square: 

Standardizing aeeoe M. S. N. F. mix. Top figure: Pounds butter. 
table for ice 13.00% Sugar Top and bottom lines: Center figure: Pounds water. | 
cream mix .50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No. 4 testing: ——— Side columns: powder. | : 

34.00% T. S. S. N. ¥: tests. (Blanks indicate none of kind required.) 
ee 
9.8} 9.9]10.0/10.1]10.2]/10.3|10.4]}10.5/10.6)10.7)10.8/10.9/11.0 
25.12 69] 78] 86] 95} 103} 111] 119] 128] 138) 145) 154} 162) 171 25.12 
9.3]10.6]11.9]13.3/14.6]15.9]17.2]/18.5/19.9/21. 2/22. 5/23 .8)/25.2 
25.24 70| 79 96} 104] 113] 120] 129] 138] 146] 155) 163) 172 25.24 
7.9] 9.3/10.6]11.9]13.3]14.6]15.9/17.2/18.5]19.9}21.2/22.5)23.8 
Zon 711 80] 88] 97] 105] 114] 122) 130] 139].147| 156) 164) 173 25.37 
6.6] 7.9} 9.3/10.6]11.9]13.3]14.6)15.9}17.2)18.5)19.9)21.2)22.5 
25.49 72) 81)| 89] 98] 106} 115] 123] 131) 140) 148) 157| 165] 174 25.49 
5.3] 6.6] 7.9] 9.3]10.6/11.9]13.3)14.6]15.9]17.2)18.5)19.9)21.2 
25.61 73] 82) 90} 99} 107] 116] 124] 132] 141) 149] 158) 166) 175 25.61 
4.0] 5.3] 6.6] 7.9] 9.3]10.6)11.9/13.3/14.6)15.9]17.2]18.5/19.9 
25.43 74) 83] 91} 100] 108] 117] 125] 133) 142) 150} 159] 167] 176 25.73 
2.7| 4.0) 5.3] 6 7.9) 9.3]10.6}11.9]13.3)14.6)15.9/17.2]18 
25.86 75} 84) 92] 101] 109} 118] 126] 134) 143) 151} 160] 168) 177 25.86 
1.3] 2.7| 4.0] 5.3] 6.6] 7.9] 9.3}10.6]/11.9/13.3)14.6]15.9]17.2 
25.98 76} 85) 93) 102) 110} 119] 127) 135] 144) 152) 161} 169} 179 25.98 

1.3] 2.7| 4.0) 5.3] 6.6) 7.9] 9.3/10.6/11.9113.3/14.6]15.9 
1.2 
26.10 85| 86] 94] 103} 111] 120] 128) 136] 145) 154} 162) 171] 180 26.16 
1.3] 2.7| 4.0} 5.3] 6.6) 7.9) 9.3]/10.6|11.9)13.3]14.6 
2.4) 1.2 
26.22 93] 94) 95) 104; 112) 121] 129) 137] 146] 155] 163} 172] 181 26.22 
1.3] 2.7] 4.0] 5.3] 6.6] 7.9] 9.3/10.6]11.9]13 
oe 24\ J 
26.35 102] 103} 104} 105] 113] 122] 130] 138} 146} 156] 164] 173] 182 26.35 
1.3] 2.7] 4.0] 5.3] 6.6} 7.9] .9.3/10.6)11.9 
= 
4.9) 3.7| 2.4) 1.2 
26.47 110} 111] 112] 113] 114) 123) 131] 140) 14 57) 166} 174] 183 26.47 
1.3) 2.7) 4.0] 5.3] 6.6] 7 9.3)10 
6.1] 4.9] 3.7) 2.4 P) 
26.59 119] 120} 121] 122] 123) 124) 132] 141] 150) 158] 167) 175] 184 26.59 
1.3) 2.7| 4.0) 5.3] 6.6] 7.9] 9.3 
if 6.11 4.901037) 2.41 2.2 
26.71 127) 128) 129] 130} 131] 132] 133] 144] 151} 159) 168] 176) 185 26.71 
1.3] 2.7) 4.0) 5.3] 6.6) 7.9 
856) 7.4) 6.2) 220) S27) 24) 122 
26.84 136] 137} 138] 139] 140] 141] 142] 143] 152] 160] 169] 177] 186 26.84 
1.3] 2.7] 4.0) 5.3] 6.6 
,8| 8.6] 7.4| 6.1) 4 B27) SrA) Vee 
26.96 145) 146} 147] 148} 149} 150] 151] 152] 153] 161] 170] 178] 187 26.96 
1.3) 2.7] 4.0) 5.3 
11.0] 9.8] 8.6] 7.4) 6.1] 4 Soak eal dove 
27.08 153} 154] 155] 156) 157) 158] 159) 160} 161} 162] 171] 179) 188 27.08 
3] 2.7] 4. 
12.3/11.0] 9.8) 8.6] 7.4) 6.1) 4.9] 3.7] 2.4 2 
27.21 162} 163] 164] 165) 166) 167} 168] 169] 170} 171] 172] 180] 189 27.21 
Dsl Qed 
13.5)M.3/11.0] 9.8] 8.6] 7.4) 6.1] 4.9] 3.7] 2.4] 1.2 
27.33 170) 171) 172).173| 174] 175) 176) 177] 178) 179] 180} 181] 190 Z0nos) 
1.3 
14.7/13.5/12.3/11.0] 9.8] 8.6) 7.4] 6.1) 4.9] 3.7] 2.4] 1.2 
27.45 179} 180} 181] 182] 183] 184] 185] 186] 187] 188] 189] 190} 191 27.45 


10.1/10.2)10.3/10.4)10.5)10.6]10.7 


10.8/t0.9/11.0 


SSS 
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TABLE 70. 
Standardizing ae oe M's. N. F. pte gabe So tee uee Pounds butter. 
table for ice ee 00% Sugar Top ae bottom lines: Center figure: Pounds water. 
eae matites 50% Gelatin EEE ae po eea etic: Pounds skim-milk 
"35.00%. Tas: Si No EF. tests; (Blanks indicate none of kind required.) 
8.0) 8.1) 8.2) 8.3] 8.4] 8.5|) 8.6) 8.7) 8.8} 8.9} 9.0] 9.1] 9.2] 9.3 
ae 32.2/30.8|29.3/27-9|26.5|25.1|23.6/22.2|20.8|19.3|17.9|16.5/15-0|13.6 ae 
31.1/30.9]30.7/30.5/30.3)/30.1/29.9)29.7/29.6/29.4/29. 2/29 .0/28.8/28.6 
ren 32.2/30.6/29.1/27.7/26.3/24.9/23.4/22.0/20.6/19.1]17.7)16.3]14.8]13.4 oot 
29.7/29.5)29.3)29.1128.9/28.7/28.5)28.3/28.1/28.0/27.8|27.6/27.4/27.2 ; 
Sane 32.0/30.4/28.9/27.5|26.2)24.7/23.2)/21.8/20.5/18.9)17.5)16.1]14.6]13.2 e008 
28 .4/28.2)28.0/27.8/27.6/27.4/27. 2/27 .0/26. 8/26. 6/26. 5)26.3/26.1/25.9 
ae 31.8)/30.2/28.7)27.3)/26.0)24.5/23.0/21.6/20.3/18.7/17.3)16.0)14.4/13.0 wae 
27 .0/26.8/26.6/26.4/26.2/26.0/25.8/25.6)/25.4/25. 2/25 .1124.9|24.7/24.5 
31.6/30.0/28.5|27.1/25.8/24.3/22.8/21.4/20.2/18. 5/17.1)15.8]14.2/12.8 
oe 25.7/25.5|25.3/25.1/24.9/24.7/24.5/24.3/24.1124.0/23.8/23.6/23.4/23.2 a 
31.5/29.9/28.4/27.0/25.6/24.1/22.7/21.2/20.0/18.3/17.0)15.6/14.1)12.7 
ee 24.3/24.1123.9/23.7/23.5/23.3/23.1/22.9/22.7/22.5/22.4/22.2/22.0/21.8 serge 
31.3/29.8/28.2/26.8)25.4/24.0)22.5/21.1/19.8/18.1/16.8)15.4/13.9)12.5 
oon ae 22.9/22.7/22.5/22.3/22.1/21.9)/21.7/21.5/21.3/21.1/20.9/20.8)/20.6/20.4 4388 
31.1]/29.6/28.0]/26.6/25.2/23.8)/22.3/20.91/19.6/18.0/16.6)15.2)13.7/12.3 
25 PR 21.6/21.4/21.2/21.0/20.8/20. 6/20. 4/20. 2/20.0)19.8/19.6/19.5/19.3)19.1 oa 
ae 30.9/29.4|/27.9/26.4/25.0/23.6/22.2/20.7)19.41/17.8]/16.4/15.0/13.5)12.1 Bare 
20.2/20.0/19.8119.6/19.4]19.2/19.0/18.8]18.6]18.4/18.3)18.1/17.9]17.7 
ee 30.8/29.2/27.7/26.3/24.9/23.4/22.0/20.5)19.2]17.6/16.2)14.8/13.3)/11.9 ae 
18.9]18.7]18.5}18.3]18.1]17.9)17.7)17.5)17.3)17.1/17.0)16.8)16.6)16.4 
Ba x50 30.6/29.0]/27.5/26.1/24.8]23.2/21.8/20.3/19.1]/17.4/16.0/14.6)13.1]11.8 Tales 
; 17.5)17.3/17.1]16.9]16. 7/16. 5}16.3}16.1/16.0]/15.8/15.6)15.4)15.2)15.0 
Here 30.4]/28.9/27.3/26.0/24.6/23.0/21.7/20.1]18.9]17.2)15.9)14.4/12.9/11.6 eal 
: 16.1/15.9]15.7/15.5]15.3]15.1/14.9]14.7/14.5)14.3]14.2]14.0]13.8)13.6 
ee 30.2/28.7/27.2|25.8/24.4/22.8/21.5/20.0]18.7]17.0/15.7/14.2}12.8/11.4 ere 
; 14.8]14.6/14.4]/14.2]14.0]13.8/13.6}13.4/13.2]13.0)12.9]/12.7/12.5)12.3 
ieee 30.0/28.5/27.0/25.6/24. 2/22.6/21.3 19.8|18.5 16.8]15.5)14.0]12.6/11.2 Mien 
; 13.4/13.2]13.0/12.8]12.6]12.4}12.2|12.0}11.8}11.7]11.5)11.3/11.1/10.9 
eas 29.7/28.3/26.9]/25.4/24.0/22.5/21.1]19.6]18.3]16.6/15.4)13.9)12.4/11.0 uy 
: 12.1/11.9]11.7/11.5]11.3]11.1]10.9]10.7|10.5]/10.4/10.2/10.0] 9.8) 9.6 
RE 29.5/28.1/26.7/25.2/23.9|/22.3/21.0]19.4/18.1]/16.4/15.2)13.7)12.2/10.9 ee 
i 10.7/10.5]10.3]10.1] 9.9] 9.7] 9.5] 9.3] 9.2] 9.0) 8.8] 8.6) 8.4) 8.2 
29 .3/27.9126.5/25.0/23.7/22.1/20.8]19.3]18.0/16.3)15.0)13.5]/12.0)10.7 
Fike 9.3| 9.1] 8.9] 8.7] 8.5] 8.3] 8.1] 8.0) 7.8] 7.6] 7.4] 7.2] 7.0) 6.8 Zeres 
29.1/27.8/26.3}24.8]23.5/21.9/20.6/19.1]17.8/16.1/14.9)13.3}11.9]10.5 
ae 8:0| 7.8] 7.6| 7.4] 7.2] 7.0] 6.8] 6.6] 6.4] 6.2) 6.1] 5.9) 5.7) 5.5 paet 
28.9127 .6/26.1/24.6/23.3]21.7|20.4/19.0}17.6/15.9/14.7/13.1 11.8}10.4 
Bi 6.6] 6.41 6.2) 6.0| 5.8] 5.6] 5.4] 5.2] 5.0) 4.9) 4.7) 4.5] 4.3) 4.1 ead? 
28.8]/27.4/25.9|24.5]/23.1/21.5/20.2]18.8]17.4)15.7/14.5)13.0 11.6]10.2 
See 5.3] 5.1| 4.9] 4.7] 4.5] 4.3] 4.1] 3.9] 3.7] 3.6] 3.4) 3.2 3.0} 2.8 a8? 
28 .6/27.2/25.7/24.3]22.9]}21.5/20.0]18.6]17.2/15.7/14.3 12.9]11.4/10.0 
ce 3.9| 3.7| 3.5| 3.3| 3.1) 2.9] 2.7) 2.5] 2.3) 2.1) 2.0) 1.8) 1.6).1.4 eas 
3.0/8.1] 8.2| 8.3| 8-4| 8.5| 6.6| 8.7| 8.8| 8.9| 9.0| 9.1) 9.2| 9.3 
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TABLE 70 (Continued). 


10.00% Fat Basis 1000 pounds of In each square: 
Standardizing 10.50% M. S. N. F. mix, Top figure: Pounds butter. 
table for ice 14.00% Sugar Top and bottom lines: Center figure: Pounds water. 
cream mix -50% Gelatin Fat be beach figure: Pounds skim-milk 
Ks ing: ———— Side columns: powder. s 
Nemec: 35.00% T. 8. s. N. F. tests. (Blanks indicate none of kind required.) 
8.0] 8.1} 8.2} 8.3] 8.4] 8.5) 8.6) 8.7) 8.8] 8.9) 9.0) 9.1) 9.2) 9.3 
28.4|27.0/25.5/24.1/22.7|21.3/19.8]/18.4]17.0]15.5/14.1/12.7]/11.2] 9.8 
25.11 25.11 
Dol eZinol vache kala hat pelo Leoleked le ele seid | ee Olle atime. ate ern@) 
-2/26.8/25.3/23.9)/22.5/21.1)19.6)18.4/17.2)15.9]/14.7)13.5)12.3/11.0 
Z5n22 Feces 1 2 3 4 6 7 8 Zone 
NGAP AGA cote ord Bilhe  cd) = ol 
8.2/27.0)25.7/24.5)23.3/22.1/20.8}19.6)18.4]17.2}15.9)14.7/13.5)12.3 
25.33 ah 2 3 4 5 6 7 Si LO aa AI Se 4s 16: 25.33 
29.4/28.2/27.0/25. 7124. 5|23.3/22.1/20.8)19.6/18.4]17.2/}15.9]14.7/13.5 
25.44 Of 10} BE 12; 43) 14) 15) 26) 17] 19) 620) 21) 422) 23 25.44 
30. 6/29. 4/28.2/27.0/25. 7/24. 5/23 .3}22.1/20.8/19.6/18.4117.2]/15.9]14.7 
25.55 16} 17) 128) 19), 20|- 21). 22) 23) 24) 25) 26) 27; 28) 30 25.55 
31.9}30.6)29. 4/28. 2/27 .0/25. 7/24. 5/23 .3/22.1/20.8/19.6/18.4/17.2]15.9 
25.66 24| 25) 26] 27| 28] 29) 31] 32) 33] 34] 35] 36] 37] 38 25.66 
33 .1/31.9/30.6/29.4/28.2/27.0)25. 7/24. 5/23.3)22.1/20.8]19.6/18.4|17.2 
25.77 31} 32) 33] 34; 35) 36) 37) 39) 40) 41] 42) 43) 44) 45 25.77 
34.3/33.1/31.9/30.6/29. 4/28. 2/27.0/25. 7/24. 5/23 .3/22.1/20.8/19.6]18.4 
25.88 39} 40) 41) 42) 43) 44) 45) 46] 47) 48] 49) 51) 52) 53 25.88 
35. 5/34 .3/33.1/31.9/30. 6/29 .4/28. 2/27 .0/25.7/24 .5/23.3/22.1/20.8119.6 
25.99 46) 47) 48) 49) 50) 52) 53) 54) 55) 56] 57) 58) 59] 60 25.99 
36 .8/35.5/34.3/33.1/31.9/30.6/29. 4/28. 2/27 .0)25.7/24.5/23.3|22.1/20.8 
26.10 54) 55) 56) 57) 58) 59) 60] 62] 63) 64} 65] 66] 67] 68 26.10 
38 .0/36 8/35. 5/34. 3/33 .1/31.9/30.6/29. 4/28 .2}27.0/25.7/24.5|23.3/22.1 
26.21 G1 62/7 631) 6519 (66) 167) S68 N69 Pe TL Zoe e7ss 741) B75ln 76 26.21 
—— . 
39 . 2/38 0/36 . 8/35. 5/34. 3/33 .1/31.9/30.6/29. 4/28. 2/27 .0/25.7/24.5/23.3 
26.32 69)) ZO) 7s 872) SI TA TOL 76 77k 7S" SO, Sli eS2in ss 26.32 
40.4/39. 2/38 .0/36.8/35. 5/34. 3)/33.1/31.9/30.6/29. 4/28 .2/27.0|/25.7|/24.5 
26.43 76| 77) 78) 79} 80} 81! 82] 83] 84! 85] 86] 8s! 89) 91 26.43 
41.7/40. 4/39. 2/38 .0/36.8/35.5/34.3/33.1/31.9/30.6/29.4/28.2|27.0/25.7 
26.54 84; 85) 86] 87} 88] 89) 90} 91!) 92] 93] 94! 95) 97! 98 26.54 
42 .9/41.7/40. 4/39. 2/38 .0/36. 8/35. 5/34. 3/33.1/31.9/30.6/29. 4/28. 2127.0 
26.65 91) 92) 93) 94! 95) 96) 97] 98; 99] 100] 101] 102] 103] 104 26.65 
44.1/42.9/41. 7/40. 4/39. 2/38.0/36.8/35.5/34.3/33.1/31.9130.6/29.4/28.2 
26.76 99} 100] 101} 102) 103) 104] 105} 106] 107] 108] 109] 110] 112] 113 26.76 
45.3 44.1/42. 9)41.7|40.4/39. 2/38. 0/36.8/35.5134.3/33.1/31.9/30.6|29.4 
26.87 106} 107) 108) 109) 110} 111] 113) 114 115} 116] 117] 118] 119 120 26.87 
46 6/45. 3/44. 1/42.9/41.7/40. 4/39. 2/38 .0/36.8/35.5/34.3/33.1131.9130.6 
26.98 114] 115) 116} 117] 118] 119} 120] 122) 124] 125] 126] 127] 128] 129 26.98 
47 .8)46 .6/45.3/44.1/42.9]41.7/40.4/39.2 38 .0/36.8/35.5/34.3133.1/31.9 
27.09 121) 122) 123) 124] 125) 126] 127 128 129} 130} 131] 132] 134] 135 27.09 
49. |47.8)/46.6/45.3/44.1/42.9]41.7/40. 4/39. 2/38. 0/36.8/35.5134.3/33.1 
27.20 129) 130) 131) 132) 133] 134] 135] 136] 138] 139] 140] 141] 142] 143 Zve20' 
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TABLE 70 (Continued). 


| tos0% Fat rate 1000 pounds of | In each square: 
mix 


Standardizing 10.50% M. S. N. F. Top figure: Pounds butter. 


table for ice 14.00% Sugar Top and bottom lines: Center figure: Pounds water. 

cream mix Ll .50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 

No. 5 testing: §———— Side columns: powder. 

35.00% T. S. . N. F. tests. (Blanks indicate none of kind required. ) 
9.4) 9.5) 9.6) 9.7) 9.8} 9.9]/10.0/10.1]10.2/10.3]10.4)10.5/10.6]10.7 
Bs ae 12).2/10.7| 9.3] 7-9) 6.5] 5.0] 3.6) 2.2) .7 oan 
; 3) ELE U8). 26) sd 
28. 4/28. 2/28 .0/27.8/27.6/27.4/27.2/27.0/26.8/27.2/28.4129.6/30.7/31.9 
12.0/10.6| 9.1] 7.7] 6.3] 4.8] 3.4] 2.0] . 

22.91 4) 12h 19) 2735 
27 .0)26. 8/26. 6/26 .4/26. 2/26 .0/25.8/25.6/25.4/26.0/27. 2/28. 4/29. 6/30.7 
11.8}10.4 7.5) 6.1] 4.6] 3.2] 1.8 

23.02 5} 13] 20] 28) 36 
25.7/25.5/25.3/25.1/24.9/24.7/24.5/24.3/24.1/24.8/26.0/27.2/28.4/29.6 
11.7/10.3) 8.8] 7.3) 5.9] 4.5) 3.1] 1.7; .2 

23.13 6] 14] 21] 29) 37 
24.3)/24.1/23.9/23.7/23.5/23.3/23.1/22.9/22.7/23.7/24.8/26.0/27.2/28.4 
11.5}10.1 -6) 7.2] 5.7] 4.3) 2.9] 1.5) . 

23.24 7] 15} 22) 30) 38 
23 .0/22.8/22.6/22.4/22.2/22.0/21.8/21.6/21.3/22.5123.7/24.8/26.0/27.2 
11.4/10.0) 8.5) 7.0] 5.5] 4.1) 2.7] 1.3 

23.35 1 5 31 9 
21.6/21.4/21.2/21.0/20.8/20. 6/20. 4/20. 2/20. 1/21.3/22.5/23.7/24.8/26.0 
11.2] 9.8] 8.3] 6.8) 5.3] 3.9] 2.5} 1.1 

23.46 16 40 
20.2/20.0/19.8/19.6/19.4/19.2/19.0/18.8/18.9/20.1/21.3/22.5/23.7/24.8 
11.0} 9.6] 8.1] 6.6] 5.1] 3.7] 2.3 9 

23.57 3) LON 271 251) 183 41 
18.9}18.7/18.5/18.3/18.1)17.9]17.7|17.5)17.7/18.9/20.1/21.3/22.5/23.7 
10.9} 9.4; 7.9] 6.4) 5.0] 3.6] 2.2) .8 

23.68 4] 11] 18] 26) 34] 42 
17.5)17.3)/17.1/16.9]16.7/16.5/16.3)16.1/16.6]17.7/18.9/20.1]21.3)22.5 
10.7] 9.2) 7.7) 6.2| 4.8] 3.4) 2.0 6 

23.79 5} 12) 19} 27) 35] .43 
16.2/16.0/15.8}15.6)/15.4/15.2}15.0/14.8/15.4/16.6/17.7|18.9/20.1/21.3 
10.5] 9.0] 7.5) 6.1) 4.6] 3.2) 1.8 4 

23.90 6} 13} 20; 28] 36) 44 
14.8/14.6/14.4/14.2/14.0/13.8/13.6)13.4114. 2)15.4/16.6]17.7/18.9/20.1 
10.4) 8.9) 7.3] 5.9} 4.4] 3.0) 1.6 2 

24.01 7] 14] 21) 29) 37] 45 
13 .4/13.2}13.0]12.8]/12.6/12.4/12.2)12.0/13.0/14.2)/15.4/16.6/17.7/18.9 
10.2) 8.7| 7.1] 5.7] 4.2] 2.8] 1.4 0 

24.12 ‘ 8} 15) 22] 30) 38] 46 
12.1)1129}11.7/11.5)11.3/11.1/10.9/10.7}11.8}13.0)14.2)15.4)16.6)17.7 
10.0} 8.5] 6.9] 5.5] 4.1] 2.7) 1.3 

24.23 1 9] 16] 23] 31] 3 
10.7/10.5}10.3}10.1] 9.9] 9.7] 9.5] 9.5}10.6/11.8/13.0/14.2/15.4)16.6 
9.8] 8.3) 6.7| 5.3) 3.9) 2.6) 1.1 

24.34 2 2) 10) 17). 24) 3 
9.4] 9.2} 9.0] 8.8] 8.6] 8.4] 8.2] 8.3] 9.5/10.6/11.8/13.0)14.2)15.4 
9.6] 8.1] 6.6] 5.2| 3.7] 2.3] .9 

24.45 Si UE mit 2 é 4 
8.0] 7.8] 7.6] 7.4] 7.2] 7.0] 6.8} 7.1) 8.3] 9.5}/10.6/11.8/13.0/14.2 

‘ . ’ : 16) 2.2 af 

24.56 a (ros ise a Faull 4] 12} 19) 26) 34) 42) 50 

6.6] 6.4] 6.2] 6.0} 5.8] 5.6] 5.4] 5.9] 7.1] 8.3} 9.5)10.6/11.8)/13.0 
: <2) 429) 3.4) 1.9) 6 

24.67 Jogi Reis eisces é 5) 12) -20)| 27) 23 4 0 

5.3] 5.1] 4.9] 4.7| 4.5] 4.3] 4.1] 4.7] 5.9] 7.1] 8.3] 9.5}/10.6/11.8 
e : ; 5 , 8] .4 

24.78 dr Seal eal ed wea 6] 13] 21] 28] 36) 44 

By] Bald] Bais] BoB BE) PHA Sard) Biers) ran) | Sa GH) tots Be 
: .2 

Gives 8.8) 7.4] 5.9] 4.5] 3.1] 1.6 7} 14| 22] 29] 37] 45) 52 
2.6] 2.4] 2.2} 2.0] 1.8] 1.6] 1.4] 2.4] 3.5] 4.7] 5 9) 7.1 8.3} 9.5 

25.00 Sai Rae rae Se Fn 8} 15] 23] 30] 38] 46] 53 
UPPARPOER( | © opted if aQlt | one Ws RP 1.2] 2.4) 3.5] 4.7] 5.9) 7.1] 8.3 

~~} 9.4 9.5] 9.6| 9.7| 9.8| 9.9|10.0|10. 1/10. 2/10. 3/10. 4/10.5|10. 610.7 
eer eee 


400 Ice Cream Mixes 


TABLE 70 (Continued). 


10.00% Fat Basis 1000 pounds of | In each square: 
Standardizing 
table for ice 
cream mix 
No. 5 testing: 


10.50% M. S. N. F. mix, Top figure: Pounds butter. 
11.00% Sugar Top and bottom lines: Center figure: Pounds water. _ 
-50% Gelatin . Fat tests. Bottom figure: Pounds skim-milk 


— Side columns: powder. 4 
35.00% T. S. S. N. F. tests, (Blanks indicate none of kind required.) 


9.4) 9.5) 9.6) 9.7| 9.8) 9.9/10.0/10.1)10.2)10.3/10.4/10.5)10.6)10.7 


5 me .2 
25.11 1 2 3 8 9} 16) 24) 31) 39) 47) 54 25.11 


1.2) 2.4) 3.5] 4.7| 5.9)°7.1 


I 1 15| 16| 17| 25| 32] 40] 48! 55] 25.22 
age ee J 152) 022410385) e4e 7 520 
THO) OAS) Sel) Fez Gaal | ee) A 
25.33 17| 18] 19] 20) 21| 22] 23) 241° 95 


26) 33] 41) 49) 56 25.33 
v -5 


25.44 24| 25] 26] 27] 28] 29| 30] 31| 32] 33! 34| 42] 50| 57] 25.44 


25.55 31] 32] 33] 34) 35] 37) 38] 39] 40] 41] 42] 43 2 358 25.55 
14.7/13.5/12.3|11.0] 9.8] 8.6] 7.4| 6.1] 4.9] 3.7] 3.4] 1.2 

25.66 39| 40] 41] 42] 44] 45! 46] 47| 48] 49] 50] 51| 52 3 25.66 
15.9|14.7/13.5/12.3/11.0] 9.8] 8.6| 7.4] 6.1] 4.9| 3.7] 3.4] 1.2 

25.77 46] 47) 49] 50] 51, 52| 53! 54] 55| 56] 57| 58! 59| 60] 25.77 
17,.2/15.9]14.7/13.5/12.3111.0| 9.8] 8.6] 7.4] 6.1| 4.9] 3.7] 3.4] 1.2 

25.88 54, 55| 56] 57) 58] 60] 61| 62! 63] 64| 65| 66| 67| 68] 25.88 


25.99 61) 62] 63] 64) 65) 66] 67} 68] 70] 7 25.99 


19.6)18.4/17.2)15.9)14.7/13.5/12.3]11.0] 9.8] 8.6] 7.4] 6.1] 4.9] 3.7 
26.10 GOP ZO) LI 72 7S TA S751 76) 78 |) 791)" Soll Sil) Sei) 883 26.10 


20.8)19.6/18.4/17.2)15.9]14.7/13.5]12.3/11.0] 9.8] 8.6] 7.4] 6.1] 4.9 
26.21 77| +78} 80) 81) 82) 83) 84] 85) 86! 87| 88s! 89] 90] 91 26.21 


-— 
22.1/20.8/19.6/18.4/17.2115.9]14.7/13.5]/12.3]11.0] 9.8] 8.6] 7.4] 6.1 
26.32 84) 85} 86] 87) 88) 89! 90] 91) 93] 94] 95] 96] 97| 98 26.32 


23 3/22 .1/20.8]19.6]18.4/17.2]15.9]14.7/13.5]12.3]11.0| 9.8! 8.6] 7.4 

26.43 92] 93) 94) 95) 96] 97] 98] 100] 101] 102] 103] 104] 105] 106 26.43 
24.5/23 .3)22.1/20.8]19.6/18.4/17.2]15.9]14.7/13.5/12.3|11.0] 9.8] 8.6 

26.54 99) 100] 101] 102) 103} 104] 106} 107] 108] 109] 110] 111] 1i2| 113 26.54 
25. 7/24 5/23 3/22 .1/20.8]19.6/18.4117.2]15.9]14.7|13.5/12.3|11.0| 9.8 

26.65 106} 107) 108} 109} 110) 112] 113} 114} 116] 117] 118] 1i9] 120] 121 26.65 
27 0/25. 7/24. 5/23 .3)22.1/20.8/19.6]18.4]17.2|15.9|14.7/13.5]12.3111.0 

26.76 114) 115) 116) 117) 118} 119) 120] 121] 122} 123} 124) 136] 127] 128 26.76 
28.2127 .0/25. 7/24. 5/23 .3/22.1/20.8]19.6/18.4|17.2]15.9 14,7)13.5 12.3 | 

26.87 121) 122) 123) 125} 126) 127] 128] 129) 130] 131] 132] 133] 134 135 26.87 
29.4128 2/27 .0/25.7/24 .5/23.3/22.1/20.8119.6]18.4117.2]15.9 14.7)13.5 . 

26.98 130} 131) 132) 133] 134] 136] 137] 138} 139] 140] 141] 142] 143 144 26.98 
306/29. 4/28 .2/27.0/25. 7/24. 6/23 .3/22.1/20.8119.6/18.4 17.2)15.9]14.7 

27.09 136) 137) 138] 140} 141] 142] 143] 145] 146] 147] 148 149) 150) 151 27.09 
31.9130 .6/29. 4/28, 2)27.0125.7/24.5/23.3/22.1 20.8|19.6 18 .4/17.2/15.9 

27.20 144) 145) 146] 147) 148) 150] 151] 152] 153] 154] 155] 156 157] 158 27.20 


9.4) 9.5) 9.6) 9.7] 9.8] 9.9]/10.0|10.1/10.2 10.3)10.4/10.5)10.6/10.7 
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TABLE 70 (Continued). 


; 1 10.00% Fat Basis 1000 pounds of | In each square: 
Standaraizing 10.50% M. S. N. F. mix. Top figure: Pounds butter. 
table for ice 1 14.00% Sugar Top and bottom lines: Center figure: Pounds water. 
cream mix Ll .50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No. 5 testing: ————— Side columns: powder. 
35.00% T. S. Sia Naw Bey tests; (Blanks indicate none of kind required.) 


11.5/11.6 2 -8)11.9)12.0 


95} 102 1 2 133 
41.4)42.6/43. ° -1/47.3 


96) 103 ‘ 2 134 
.2/41 4/42. 5 .9/46.1 


135 
44.9 


136 


54 
LT @ 


55) 63 
16.6)17.7 


6) 64 
16.6 


6} 84) 91 
13.0}14.2 


PUR a2 


402 lok Cream MIXES 


TABLE 70 (Continued). 


(10.00% Fat Basis 1000 pounds of | In each square: 
Standardizing J 10.50% M. S. N. F. mix. Top figure: Pounds butter. 
table for ice } 14.00% Sugar Top and bottom lines: Center figure: Pounds water. 
cream mix lL .50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No. 5 testing: ————— Side columns: powder. 
35.00% T. 8. S. N. F. tests. (Blanks indicate none of kind required. ) 


10.8|10.9/11.0)11.1]11.2/11.3}11.4)11.5/11. 6/11. 7/11.8)11.9/12.00 


25.11 62] 69} 77| 85] 92] 100} 107] 115) 123) 131] 138) 146) 154 25.11 
8.3} 9.5}10.6]11.8]13.0]14.2/15.4)16.6)17.7)18.9/20.1)21.3/22.5 


25.22 63] 70) 78] 86] 93} 101] 108) 116] 124) 132} 139] 147) 155 25.22 
7.1) 8.3} 9.5]10.6]11.8]/13.0)14.2)15.4/16.6/17.7/18.9/20.1/21.3 


3.7 
169 


4.9 
168 


11.4/11.5)11.6)11.7 


Standardizing 
table for ice 
cream mix 
No. 6 testing: 


CoMPOSITIONS OF MIxEs 


TABLE 71. 
12.00% Fat Basis 1000 pounds of 
| 8.50% M.S. N. F. mix. 
14.00% Sugar Top and bottom lines: 
Ll .50% Gelatin Fat tests. 
Side columns: 
35.00% T. S. Ss. F. tests. 


10.3/10.4/10.5/10.6/10.7/10.8 


In each square: 
Top figure: Pounds butter. 
Center figure: Pounds water. 
Bottom figure: Pounds skim-milk 
powder, 
(Blanks indicate none of kind required.) 


10.9)11.0)11.1)11.2 


(A) 28 .2/26.7|25.2|23.8|22.3/20.8/19.3|17. 1.91) 
21.50 21.50 
9/19. 8/20. 6]20.4/20.3/20.1]19.9]19.38/19.7 
. 5/28 0/26. 5/25.0|23.6]22.1/20.6/19.1]17.7 
YA. by f PDH e 
.3/20.2 20.0/19.8]19.6]19.4/19.2/19.1 
. 3/27. 91s 24.9/23.4/22.0/20.5]19.0]17.5 
21.65 21.65 
.5/19.4 19.1]19.0]18.8|18.6]18.5/18.3 
127.7 24.7/23.3/21.8|20.4)18.9]17.3 
7S | ORY 2 OF linly V2 
.5/18.3 18.0]17.9]17.8]17.6|17.5|17.3 
.0/27.6 24.6/23.2/21.7/20.3/18.7|17.2 
21.80 21.80 
.6/17.4 .1/17.0]16.8]16.7/16.5|16.3 
.9/27.5 .5/23.0/21.5/20.1|18.6/17.0 
ei Si, 21287 
716. .3/16.1/15.9]15.8/15.6/15.5 
.8/27.3 .3/22.9]21.4/20.0]18.5/16.9 
21.95 21.95 
.8/15.6 .3/15.1115.0]/14.8/14.7|14.5 
6/27. 2/25. 6/24. 2/22. 7/21. 2/19.8]18.3/16.7 
22.02 22.02 
.8/14.7/14.5/14.4]14.3]14.1/14.0]13.8]13.7 

& .5/27.0/25.5/24.1/22.6/21.1119.7/18.2|16.5 
22.10 22.10 
52 .9/13.7]13.6]/13.4/13.3]13.1]13.0|12.8]12.7 
a 3/26. 9]25.3]24.0/22.5/20.9119.6/18.0/16.4 
rss Uf P27 An NY 
3.3 .0/12.8]12.6/12.5]12.3/12.1]11.9]11.8/11.6 
0 2/26. 8/25. 2/23 .8/22.3/20.8]19.4]17. 4 
22.25 22.25 
2.4] 13 1/11. 9/11. 8/11.6]11.4]11.3]11.1/11. 8 
9s .0/26.6/25.0/23.7/22.2/20.6|19. 2 
22.32 22.32 
A .2/11.0]10.9110.7/10.5]10.3 9.9 | 
: : 8/23. 5/22.0/20.5 0 
22.40 “4 clas 22.40 
5 .2/10.0] 9.8] 9.6] 9.5] 9.3 .9| 8.7 
7/26. 3124. 3/21.7/20.3 9/14.5 
22.47 4 “ee . 22.47 
6 .3] 9.1] 9.0] 8.9] 8.7 9 
¢ 5 big 1 3 
22.55 ‘y en as “s 22.55 
a7 ,4| 8.2] 8.0] 7.9] 7.7 9 % i 
3 4/26 .0/24.3/23.0/21.4 2 
22.62 ay ae YA 
7 3] 7.1] 7.0] 6.9] 6.7 9 5 
Gi .3/25.8/24.2/22.8]/21.2 0 
22.70 22.70 
8 5] 6.4] 6.2] 6.0] 5.9 mi ; f 
0 .1/25.7/24.0/22.6/21.0 3.8 
De Le GH 22.77 
9 .5| 5.4| 5.2| 5.1] 4.9 2 babe 
8/28. .9|25.5|23.9]22.5/20.9 Bai 
22.85 22.88 
.0| 4. .7| 4.5| 4.3] 4.1] 4.0 2 os 
7/28. .8/25.3|23.7/22.3/20.7/19. 5 ea 
oe KO) Ss 6| 3.5] 3.4] 3.2| 3.1) 2. 8 
5128 .0126.6|25.1]23.6|22.1]20.6/19. 2/17. 14.8]13.3 ere 
E . 
et 31 2.9] 2.8] 2.6} 2.5] 2.3] 2.2] 2.0) 1. ity 4 eae 


10.0/10.1/10.2/10.3/10.4/10.5/10. 6/10. 7/10. 8/10.9)11.0)11.1 
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Standardizing 
table for ice 


Ick CrEAM MrxeEs 


TABLE 71 (Continued). 


Basis 1000 pounds of 


8.50% M. S. N. F. | mix, “ 
Top and bottom lines: 


14.00% Sugar 


12.00% Fat 


In each square: 


Top figure: 


Center figure: 


Pounds butter. 
Pounds water. 


cream mix .50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No. 6 testing: ————— Side columns: powder. | f 5 
35.00% T. S. S. N. F. tests. (Blanks indicate none of kind required.) 
EL ————— —— 
10.0}10.1/10.2/10. 3/10. 4)10.5|10.6)10. 7/10. 8|/10.9/11.0/11.1/11.2 
29.3/27.9|26. 4125 .0]23.5]/22.0/20.4/19.0]17.5)16.0/16.6/13.1) 1.9 
23.07 23.07 
Da) POO) aba Male AGH hae lees haat lA” etsy) eis ap) 
29 .2/27.7/26.3/24.8123.3/21.8/20.3/18.8]17. 3}16.1)14.8/13.6)12.4 
23.15 ia 1 2 3 4 23015 
TPH AO Ai) zi AGH atl aS ait .0 
29.0/27.6/26.1/24.7/23.5)22.2/21.0]19.8/18.5]17.3)16.1/14.8)13.6 
23.22 1 2 3 4 5 6 ve 8 10 23222 
fol) eet el 
29.6|/28.4/27.2125.9]24.7/23.5/22.2/21.0/19.8/18.5/17.3)16.1/14.8 
23.30 3 4 5 6 a 8 oO] 6TOh AL) 12h 3) 14) tL 23.30 
(K) 
30.9]29.6/28.4/27.2/25.9/24.7/23.5/22.2}21.0/19.8)18.5)17.3)16.1 
23537 LOVy LE TS) 1S AAV DS SLT LS © LO 20) ee 22mm 
32.1/30.9/29.6/28.4/27.2/25.91/24.7/23.5/22.2/21.0)19.8/18.5/17.3 
23.45 1 HG Era P| LO E20 2 2 24| 2 26] 27| 28 23.45 
33 .3/32.1/30.9/29.6/28.4127.2)25.9/24.7/23.5|22.2/21.0)19.8/18.5 
23.52 22; 23) 24) 25) 26) 27) 28) 29) 30) 32) 33) 34 23.52 
34.6/33.3/32.1/30.9/29.6/28.4/27.2/25.9|24. 7/23 .5/22.2/21.0/19.8 
23.60 2 2 30] 31] 32} 32) 33] 3 3 3 37| 3 4 23.60 
35 .8]34.6/33 .3/32.1130.9/29.6/28.4)27.2/25.9)24.7/23.5122.2/21.0 
23inGu 3 3 6] 37] 388! 39) 40) 4 42) 43) 4 45 23.67 
37 .1/35.8}/34.6/33.3/32.1/30.9/29.6)28.4/27.2/25.9)24.7/23.5/22.2 
23275 4 41 42 43 44 45 46 47 48 49 50 51 52 23.75 
38 .3/37.1135.8)/34.6/33.3/32.1/30.9/29 .6|28.4/27.2/25.9)24.7/23.5 
23.82 46 47 48 4 50 51 52 53 5 55 57 58 59 23.82 
39 . 5/38 .3/37.1/35 . 8/34. 6/33 . 3/32 .1/30.9]}29.6|28.4|27 2125 .9/24.7 
23.90 52} 53) 54! 55 GIS TSTIEOS| 65 6 61} 62; 64) 65 23.90 
40.8/39.5/38.3]37.1/35.8/34 6/33. 3/32 .1/30.9/29. 6/28 .4/27.2|25.9 
Paes el 58} 5 6 62} 63} 64) 65) 66] 6 SSF 710k 23.97 
42 .0/40 .8/39 . 5/38 .3)37.1/35. 8/34. 6/33 .3/32.1/30.9]/29.6/28.4/27.2 
24.05 64; 65 6 6 COMPTON CTL Toe 7. TE) ASE 6 24.05 
43 .2/42 .0/40.8/39. 5/38 .3/37.1/35.8/34.6/33.3/32.1/30.9129.6/28.4 
24.12 ORAL | 72 IS Asma ee Ol 7agi lem aeli mend 80 8 24.12 
44. 5/43.2/42 0/40. 8/39. 5/38 .3/37.1/35.8/34.6/33.3/32.1/30.9/29.6 
24.20 77| +78; 79) 80} 81; 82| 83) 84] 85) 8 87| 88] 89 24.20 
45.7/44.5/43 . 2/42 0/40 8/39 .5)38.3/37.1/35.8/34.6133 .3/32.1/30.9 
24.27 83] 8 5} 86) 87) 88] 89| 90) 91 9 9 24.27 
46 9/45. 7/44 .5/43 2/42 .0/40.8/39. 5/38 .3/37.1135.8/34.6/33.3/32.1 
24.35 8 90; 91} 92) 93) 94) 95) 96) 97] 98] 99] 100) 101 24.35 
48 .2/46.9)45.7/44.5/43,2)/42 .0/40.8/39.5/38.3/37.1/35.8/34.6/33.3 
24.42 95} 96) 97) 98} 99} 100} 101] 102] 103] 104] 106] 107| 108 24.42 
49.4148 .2)/46.9/45.7/44.5/43.2/42 .0/40.8/39.5/138.3]37.1/35.8/34.6 
24.50 101} 102} 103} 104} 105) 106] 107] 108) 109] 110] 111] 112} 113 24.50 
10.0/10.1/10.2/10.3/10.4/10.5/10. 6/10. 7/10. 8/10.9]/11.0)11 1]/11.2 
—— 
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TABLE 71 (Continued). 


" 12.00% Fat Basis 1000 pounds of | In h 
Standardizing 8.50% M. S. N. F. mix. Top. eaten Pounds butter. 
table for ice 14.00% Sugar Top and bottom lines: Center figure: Pounds water. 
cream mix -50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 

No. 6 testing: ————— Side columns: powder. 

35.00% T. 8S. S. N. F. tests. (Blanks indicate none of kind required.) 
11.3/11.4/11.5)11.6/11.7)11.8/11.9)/12.0)12.1]12.2)12.3]12.4]12.5]12.6 

eee 13.4]11.9]10.4] 9.0] 7.5] 6.1] 4.6 és thevA eed | (G8) 

6 12 19 25 21.50 
19.1/19.0)18.8/18.7|18.5)18.4/18.3]18.1]17.9]17.8]18.4/19.3]20.0/20.9 
13.2}11.7)/10.2| 8.9] 7.3) 5.9] 4.4) 2.9] 1.5 -0 

21.57 rh) | in) 8 || Gi 
18.6/18.4/18.3}18.2)18.0]/17.9)17.8)17.6]17.4/17.2/17.7)18.5}19.3/20.0 
13.1]11.5|10.1| 8.7) 7.2) 5.8] 4.3] 2.8) 1.4 

21.65 1 1 26 21.65 
17.8)17.6)17.5]/17.3)17.2)17.0)/16.8)16.7/16.5/16.1)16.9)17.7|18.5)19.3 
13.0/11.3)10.0] 8.6] 7.0) 5.7) 4.1] 2.6 2 

C3 AVA 2 8 14 21 26 2172 
16.8}16.7/16.5)/16.4}16.2)16.0)/15.9}15.7}15.5)/15.2/16.1)16.9]17.7)18.5 
12.8]/11.1] 9.8) 8.4] 6.8) 5.5) 4.0) 2.5] 1.1 

21.80 2 Oi 1522) 127 21.80 
15.9)15.7)15.6)15.5/15.3)15.2/15.0)14.8/14.6)14.4)15.2/16.1]16.9)17.7 
12.6)11.0] 9.6 73) 627|) 9 .4)) 3.0) 23d 9. 

21.87 3 10 15). 22) 28 21.87 
15.0/14.8)14.7)14.5/14.4/14.2/14.1}13.9/13.7/13.6)14.4]15.2/16.1/16.9 
12.5)10.9] 9.5) 8.1) 6.6] 5.3] 3.6] 2.2 8 

21.95 4 10 16 23 29 21.95 
14.0/13.9]13.7/13.6]/13.5)13.3]/13.2)13.0/12.8}12.8)13.6)14.41/15.2)16.1 
12.3)10.7| 9.4] 7.9] 6.4] 5.1] 3.4] 2.0 a0) 

22.02 4| 10] 17| 24} 30 22.02 
13.1]12.9]12.8]12.6]/12.5)12.3]/12.2)12.0]/11.8]12.0)12.8/13.6)14.4/15.2 
122 Ft |LOROW O27 S|) 6-3), 4.91) 3.5) L39 -5 

22.10 5 11 17| 24 30 22.10 
12.2/12.1)11.9]11.8}11.6)11.5)11.3/11.1)10.9)11.2/12.0)12.8)13.6)14.4 
12.0]10.4] 9.1] 7.6] 6.1] 4.8) 3.2) 1.7 8} 

Pag Nel 6 11 18] 25) 31 22.17 
11.2/11.0]10.9]10.8)10.6/10.5/10.3/10.2/10.0]/10.4)11.2)12.0)12.8/13.6 
11.9]10.2| 8.9] 7.5} 6.0] 4.6] 3.0] 1.6 ac 

22.25 6 12 19 26 3 22.25 
10.3]10.1|10.0| 9.9] 9.8] 9.6] 9.5] 9.3) 9.1) 9.6)10.4/11.2,12.0/12.8 
11.8/10.1] 8.8] 7.3] 5.8] 4.5) 2.9) 1.4 -0 

IRE Y 4 6 13 1 26) 32 22.32 
9.4] 9.3] 9.1] 8.9] 8.8] 8.6] 8.5] 8.3} 8.2) 8.8) 9.6/10.4)11.2)12.0 
D710 S26] Posie OleOle ae De 

22.40 ° ‘ 1 7 14 2 2 22.40 
SASS Si Se Liew Ol Sl aren Ol 7.4/0 7.2) S20 1881) 96/10) 400-2 
11.5 5 “41 °7.0| 5.5) 4.2) 2.6] 1.1 

22.47 dies 1 8 14 21 28 22.47 
TON Teles Gad Ol OS) O.7|n6. 5) 6.47.21 6-0) 8.5) 96/10). 4 

‘ ; i 6.9] 5.3] 4.0) 2.4 9 

22.55 Sh ete 2 8 15| 21 28] 34 22.55 

6.6] 6.5| 6.3| 6.2! 6.0] 5.9] 5.8] 5.6] 5.6] 6.4| 7.2) 8.0) 8.8 9.6 
é 5 OA) EAL Berd er 8 

22.62 a a 3 9 16 22 29 35 22.62 

5.6] 5.5| 5.3] 5.2| 5.0] 4.9] 4.8] 4.6] 4.8] 5.6) 6.4) 7.2) 8.0 8.8 
F é 5 6.6] 5.0] 3.5) 2.0 0) 

22.70 oO ee ¥ 3 10 16 23 30 36 22.70 

4.8) 4.7| 4.5| 4.3] 4.2] 4.0] 3.9] 3.7] 4.0] 4.8) 5.6) 6.4) 7.2 8.0 
‘ 5 aio) .6| 4:9) 3.3) 1.9 5 

PAE TES eS He 6 4 10 17 23) 30; 36 PAI Hitt 

-3.8| 3.7| 3.5] 3.4] 3.3] 3.1] 2.9] 2.8) 3.2| 4.0) 4 8] 5.6] 6.4] 7 
: 3 ar (| rete Ge 3 

22.85 (a rt a eg 7 lect |S eo elmer Siiliens 70 4220-85 

3.0) 2.8] 2.6] 2.5| 2.3) 2.1] 2.0] 1.8) 2.4; 3.2 4.0| 4.8] 5.6] 6.4 
: ‘ 4, elie 0) 2 
22.92 Bee ced ea eed 12| 18] 25) 32! 38] 22.92 
Onl de Si lala pe 4) he 2 deed 9] 1.6] 2.4] 3.2] 4.0; 4.8) 5.6 
: | 4.4) 2.9] 1.4 
23.00 10.3) 8.8) 7.4/5.9 (C) 6 12 19 25 32 38 23.00 
: ‘hei! ol ash Gh fs|_ 8] 1.6| 2.4] 3.2] 4.0] 4.8 
11.3/11.4/11.5]/11.6}11. 7/11. 8/11.9/12.0 12.1)12.2)12.3)/12.4]/12.5)12.6 
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TABLE 71 (Continued). 
12.00% Fat Basis 1000 pounds of | In each square: 
Standardizing 8.50% M. S. N. F. mix. Top figure: Pounds butter. 
table for ice 14.00% Sugar Top and bottom lines: Center figure: Pounds water. 
cream mix -50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No. 6 testing: 9 ————— Side columns: powder. 
35.00% T. 8S. SUN J FF. tests: (Blanks indicate none of kind required.) 
11.6)11.7 c ‘i 2 1) 120:2)82). 3) 92 408205 
23.07 
23:15 
23.22 
23.30 
23.37 
23.45 
23.52 
23.60 
23.67 
23.75 
23.82 
23.90 
23.97 
24.05 
24.12 
24.20 
25 .9)24.7|23.5/22. .0}19. 5 5 5 
100} 101} 102 i 24.27 
27 .2|25.9/24.7/23.5 .2/21. . 5/17. 2 3 
4} 105} 106} 107] 108 a 24.35 
24.42 
28.4/27.2/25.9)24.7/23 5/22 .2/21.0/19.8|18.5]17.3 
3} 119} 120] 121 y 123} 124) 125) 126] 1 1 24.50 
11.4)11.5 11.7{11.8|11.9|12.0/12.1|12.2|12.3|1204/12.5\12.6) 
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TABLE 


71 (Continued). 


407 


12.00% Fat Basis 1000 nds of : 
Standardizing 8.50% M. S. N. F. mix. ces aren Revises @bukds butter 
table for ice 14.00% Sugar Top and bottom lines: Center figure: Pounds water. 
cream mix _ 50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No. 6 testing: ae Side columns: powder. 
35.00% T. S. S. N. F. tests. (Blanks indicate none of kind required.) 
12.7\/12.8)12.9/13.0/13.1)13.2)13.3]13.4)/13.5)13.6)13.7)13.8)13.9)/14.6 
(A) 
32) 38) 45 58] 6 WA 77h S4t 9 97) 103} 110} 116 21.50 
21.7/22.5/23.2)24.1/24.9/25.7/26.5/27.3)/28.1128.9/29.7/30.5)31.3/32.1 
3] 39} 46) 5 59} 65) 7 78| 85) 9 98) 104] 111] 117 21.57 
20 .9/21.7/22.5/23.2}24.1/24.9/25.7)/26.5|27.3/28.1/28.9)29.7/30.5)31.3 
33) 39) 46) 52) 59| 65) .72| 78] 85) 91) 98] 104) 111) 117 21.65 
20.0/20.9}21.7/22.5/23.2/24.1/24.9/25.7/26.5|27.3/28.1/28.9/29.7/30.5 i 
Sal, S9l. 46) 53] 60, 166) 73)" 7.9]| 286i) 29) 99] 105] 112} 118 VAN S7(P4 
19.3}20.0/20.9/21.7/22.5}23.2/24.1/24.9/25.7|26.5/27.3)28.1/28.9/29.7 
34| 40 64561) 67) 74) . 8 87| 93) 100} 106} 113) 119 21.80 
18.5]/19.3/20.0}20.9/21.7/22.5/23.2/24.1/24.9/25.7/26. 5/27 .3/28.1/28.9 
3 41; 48) 5 61} 67} 74} 80] 87] 93] 100} 106) 113) 119 21.87 
17.7}18.5|19.3/20.0/20.9/21.7|22.5/23.2)24.1/24.9)25.7|26.5|27.3)28.1 
3 42) 49 62| 6 75| 81] 88) 94] 101) 107) 114) 120 21.95 
16.9]17.7|18.5]/19.3/20.0/20.9]21.7/22.5)23.2)24.1/24.9/25.7/26.5)27.3 
37| 43] 50| 56] 63] 69] 76] 82] 89) 95) 102} 108) 115) 121 22.02 
16.1/16.9|17.7/18.5}19.3|20.0/20°.9}21.7)22.5)23.2/24.1/24.9)25.7|26.5 
87 -43|r50), 56). (63) 69) an7 82] 89] 95] 102} 108} 115) 121 22.10 
15.2/16.1/16.9]17.7|18.5|19.3}20.0/20.9)21. 7/22. 5/23.2/24.1/24.9)25.7 
38) 44) 51] 5 64 70] 77) 8 90| 96} 103} 109) 116) 122 22.17 
14.4|15.2/16.1/16.9]17.7|18.5|19.3}20.0/20.9/21.7)/22.5|23.2/24.1)24.9 
39! 45] 52| 58] 65! 71] 78] 84] 91] 97} 104} 110) 117) 123 22025) 
13.6/14.4/15.2/16.1/16.9]17.7|18.5]19.3|20.0/20.9)21.7/22.5/23.2)24.1 
39] 45} 52) 58] 6 71| 78| 84| 91) 97) 104) 110) 117) 123 22.302 
12. 8113.6/14.4|15.2/16.1116.9]17.7|18.5}19.3)20.0/20.9/21. 7/22 .5)23.2 
40| 46] 53] 59| 66] 72] 79] 85] 92] 98] 105) 111) 118) 124 22.40 
12.0/12.8]/13.6]14.4]15.2]16.1]16.9]17.7|18.5]19.3}20.0/20.9)21.7/22.5 
41) 47] 54] 60] 67) 73) 8 86} 93] 99] 106) 112] 119) 125 22.47 
11.2|12.0]12.8113.6/14.4]15.2]16.1/16.9]17.7/18.5|19.3/20.0)/20.9)21.7 
41| 47| 54! 60] 67] 73{. 80] 86] 93] 99) 106) 112] 119 125 2205 
10.4}11.2)12.0)12.8 13.6/14.4/15.2/16.1/16.9]17.7/18.5}19.3)20.0/20.9 
42} 48) 55) 6 74| 8 87} 94] 100] 107] 113] 120] 126 22.62 
9.6110. 4/11. 2/12.0]12.8]13.6]14.4/15.2]16.1 16.9]17.7|18.5}19.3/20.0 
43| 49] 56] 62) 6 76) 82) 8 95] 101} 103) 114) 121) 127 22.70 
8.8] 9.6]10.4]11.2/12.0]/12.8 13.6/14.4/15.2|16.1/16.9]17.7)18.5}19.3 
_ 43] 49] 56) 6 69| 7 82| 88] 95] 101] 103] 114) 121) 127 227 7, 
8.0} 8.8] 9.6/10.4/11.2]/12.0/12.8]13.6/14.4 15.2/16.1/16.9]17.7/18.5 
44| 50] 57] 63] 70] 76] 83) 8 96] 102} 109} 115} 122) 128 2250 
7.2| 8.0] 8.8] 9.6]10.4/11.2/12.0/12.8]13.6)14.4 15.2)16.1)16.9]17.7 
45| 51] 58] 64} 71] 7 s4| 90} 97] 103] 110} 116) 123] 129 22.92 
6.4 7.2 8.0] 8.8] 9.6/10.4]11.2/12.0]/12.8)13.6/14.4 15, 2/16. 1/16. 9 
45| 51] 58| 64} 71] 77]. 84]. 90} 97) 103 110} 116} 123} 129 23.00 
5.6] 6.4] 7.2] 8.0] 8.8 9.6110. 4]11.2)12.0]12.8]13.6)14.4/15.2}16.1 ne 
12.7/12.8|12.9/13.0/13.1 13.2/13.3]13.4 13.5|13.6/13.7|13.8/13.9)14.0 
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TABLE 71 (Continued). 


12.00% Fat Basis 1000 pounds of | In each square: 
| Rog, M. SsoNa Bs i Top figure: Pounds butter. 


andardizin mlx. 
ie ic 14.00% Sugar Top and bottom lines: Center figure: Pounds water. 


table for ice 


cream mix -50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No. 6 testing: ———— Side columns: powder. 
35.00% T. S. Sa Nee embestss (Blanks indicate none of kind required.) 
FT 
12.7|12.8/12.9]13.0)13.1]13.2)/13.3/13.4/13.5)13.6/13.7/13.8)/13.9)14. 
; 46| 52] 59] 65) 72) 79] 85] 91] 98) 104) 111} 117} 124 
ka 4.8] 5.6| 6.4] 7.2] 8.0] 8.8] 9.6]10.4/11.2)12.0)12.8)13.6)14.4/1 
23.15 AT +53) 601i) 66) 9 Zo) SO) 86) 9 99) 105] 112) 118} 125 
4.0| 4.8] 5.6] 6.4} 7.2! 8.0] 8.8] 9.6/10.4/11.2/12.0)12.8)13.6/1 
Zsuce 47| 53! 60] 67) 74] 81] 87; 93) 100] 106) 113) 119] 126 
3.2) 4.0] 4.8] 5.6] 6.4] 7.2] 8.0] 8.8) 9.6/10.4)11.2)12.0)12.8)1 
23.30 47| 54] 61] 67} 74] 81] 87] 93] 100] 106) 113] 119] 126 
2.4] 3.2] 4.0] 4.8] 5.6] 6.4] 7.2] 8.0) 8.8] 9.6]/10.4/11.2/12.0)1 
23mG0! 48| 55! 61] 68] 74| 82) 88] 94] 101] 107) 114] 120) 127 
1.6] 2.4] 3.2] 4.0] 4.8] 5.6] 6.4] 7.2) 8.0] 8.8) 9.6)10.4]11.2)1 
23.45 49] 56] 62) 69] 75! 82) 89| 95) 102] 108} 115) 121) 128 
1.8] 1.6] 2.4] 3.2] 4.0] 4.8] 5.6) 6.4! 7.2] 8.0) 8.8) 9.6)10.4]1 
23.52 50} 56) 63} 69] 75] 83) 89] 96] 103] 109] 116] 122) 128 
.8| 1.6) 2.4] 3.2] 4.0] 4.8] 5.6) 6.4] 7.2] 8.0] 8.8] 9.6 
2 
23.62 56| 57) 63) 70). 76] 83) 90) 96] 103] 109] 117] 123] 129 
-8| 1.6] 2.4] 3.2) 4.0] 4.8) 5.6] 6.4] 7.2] 8.0] 8.8 
2.5) B22 
23.67 62| 63} 64) 71] 77} 81} 90) 97] 104] 110) 117] 123] 129 
.8] 1.6] 2.4) 3.2) 4.0] 4.8] 5.6) 6.4) 7.2] 8.0 
eal (mee an le se 
23.75 69| 70} 71) 72) 78) 85) 91] 97) 104] 111] 118] 124] 130 
.8] 1.6) 2.41 3.2) 4.0) 4.8] 5.6] 6.4] 7.2 
4.9] 3.27) 225] 1.2 
23.82 75} 76] 77) 78| 79) 85] 91) 98) 105] 111] 118] 125) 131 
-8| 1.6] 2.4) 3.2] 4.0] 408) 5.6] 6.4 
6.2) 4.9] 3.7) 2.5] 1.2 
23.90 81] 82) 83] 84| 85) 86} 92) 98] 105] 112] 119) 125] 131 
.8| 1.6] 2.4) 3.2] 4.0) 4.8] 5.6 
7.Al 6.2) 4.9) 3.7| 2.5] 1.2 
23.97 87| 88} 89) 90} 91] 92) 93) 99] 106] 112] 120] 126] 132 
-8| 1.6) 2.4) 3.2) 4.0) 428 
3.6) 7.4) 6.2) 4x9) 3.7) 2.5) 1,2 
24.05 93] 94) 95) 96] 97) 98] 99) 100] 106) 113] 121] 126] 133 
-8| 1.6] 2.4] 3.2) 4.0 
9.9] 8.6] 7.4] 6.2) 4.9] 3.7] 2.5) 1.2 
24.12 99) 100} 101; 102} 103} 104] 105} 106] 107] 113) 121] 127] 134 
«3}, 2.6) 2:4) 3.2 
DEL POP ON ESr Olean Ga Aleaee Oise 7 noo ale 
24.20 105) 106) 107} 108) 109) 110} 111) 112] 113] 114] 122) 127) 134 
.8] 1.6] 2.4 
12.4}11.1] 9.9] 8.6) 7.4] 6.2] 4.9] 3.7] 2.5) 1.2 
24.27 111} 112) 113) 115) 116) 117] 118) 119] 120] 121] 122 tas 135 
‘ 1.6 
13.6/12.4]11.1] 9.9] 8 7.4] 6.2] 4.9] 3.7] 2.5 2 
24.35 118] 119} 120] 121) 122] 123) 124) 125] 126] 127] 128] 129] 135 
8 
14.8]13.6]12.4/11.1] 9.9] 8 7A) 6.2) 4.9053. 7) 2 2 
24.42 123} 125] 126] 127] 128] 129) 130) 131] 132} 133] 134] 135] 136 
16.1/14.8/13.6/12.4/11.1] 9.9] 8.6] 7.4] 6.2] 4.9] 3.7] 2.5] 1.2 
24.50 130} 131) 132) 133] 134] 135} 136} 137] 138] 139] 140] 141] 142 
12.7/12.8)12.9)13.0)/13.1)13.2/13.3)13.4/13.5]13.6]13.7113.8]13.9 
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TABLE 72. 
12.00% Fat Basis 1000 pounds of | In h : 

Standardizing 9.50% M. S. N. F. mix. 4 : Top ode Pounds butter. 
table for ice 14.00% Sugar Top and bottom lines: Center figure: Pounds water. 
cream mix -50% Gelatin at tests. Bottom figure: Pounds skim-milk 
No. 7 testing: _— Side columns: powder. 

36.00% T. S. S. N. F. tests. (Blanks indicate none of kind required.) 
ee 
10.0)10.1)10.2/10.3)10.4/10.5/10. 6/10. 7/10. 8}10.9/11.0/11.1/11.2 

33.1/31.5/30.1/28.6/27.2)25.7/24.2/22.7/21.2]19.7|18 3/16.8|15.3 | sai 
22.33 22.33 
24.1/23.9/23.7/23.6/23.4/23 .2/23.0/22.9/22.7/22.5]/22.3|22.1122.0 
eas 32 .9/31.3/30.0/28.4/27.0/25.5/24.0/22.5/21.0]/19.5|18.1116.6]15.1 3 A 
7 2.41 
23.1/22.9)22.7/22.5/22.3/22.2/22.0/21.9/21.7/21.5/21.3/21.1/21.0 
32.8/31.1/29. 8/28. 2/26 .8/25.3/23.8/22.3/20.8]/19.3]18.0]/16.5]14.9 
22.50 22.50 
22.1/22.0/21.8/21.6/21.4/21 .2/21.0/20. 9/20. 7/20.5/20.3|20.2/20.0 
32 .6/31.0/29. 6/28 .0/26.7/25.1/23.6/22.1120.7/19.1]17.8]16.3|14.7 
22.58 22.58 
21.1/20.9/20.7|20.5)20.3/20.1/20.0]/19.8}19.6]19.4]19.2/19.1]18.9 
32.5/30.8/29.4/27.8/26.5)25.0/23.4/22.0/20.5)19.0]/17.6/16.1/14.5 
22.66 22.66 
20.1/19.9]19.7)19.5]19.3)/19.1/19.0)/18.8/18.6)/18.4/18.2/18.1]17.9 
32.3/30.6/29.2/27.7/26.3/24.8/23.2/21.9/20.3/18.8]17.4]/15.9]14.3 
22040 22.75 
19.0)18.8/18.6)18.4/18.2/18.0)17.8]17.7|17.5]/17.3)17.2]17.1]16.9 
32.1/30.5/29 .0/27.5)26.1/24.6/23 .0/21.8/20.1/18.6]17.2)15.7/14.1 
22.83 22.83 
18.0)17.8]17.6)17.4)17.2]17.0)16.9)16.7/16.5]16.3/16.1]16.0]15.8 
oe, OF 32 .0/30.3]28.9/27.3/26.0/24.4/22.9/21.6)19.9/18.4/17.0]15.5/14.0 enor 
; 17.0]16.8]16.6]16.4]16.3/16.1]15.9]15.7]15.5]15.3/15.1]15.0]14.8 } 
31.8/30.1|28.7/27.1/25.9]24.2/22.7/21.4/19.8]18.2116.9]15.4|13.8 
23.00 23.00 
15.9/15.7115.5)15.3/15.1]/15.0)14.8]14.6/14.4/14.2/14.1]13.9]13.7 
31.6/30.0/28.5/27.0)/25.7/24.0/22.5/21.2/19.6/18.0/16.7/15.3])13.6 
23.08 23.08 
14.9)14.7)14.5]/14.4/14.2)14.1/13.9)13.7/13.5]/13.3]/13.1)12.9]12.8 
6 31.4/29.8/28.4/26.8/25.5|23.9/22.3/21.0)19.4 17.9|16.5 15.2)13.4 AS AG 
Zonk c 
13.9]13.7)13.5)/13.3]/13.1)13.0)12.8)12.6)/12.4/12.2)12.1]11.9]11.7 
31.2/29.6/28.3/26.6/25.4/23.7/22.1/20.9/19.2/17.7)16.3)15.0/13.2 
23.25 23.28 
12.8}12.7)/12.5)12.3/12.2}12.0/11.8]11.6)11.4/11.2/11.0}10.9}10.7 
31.0/29 .4/28.1/26.4]25.2/23.5/22.0/20.8/19.0)17.5/16.2)14.9]13.0 By OS 
23.33 
11.8/11.6]11.4]11.2]11.0/10.9/10.7)10.5)10.3/10.1/10.0) 9.9} 9.7 
30.9129. 2/27.9/26.2/25.0/23.3/21.8/20.6/18.9/17.3}16.0/14.7/12.9 se 
23.41 : 
10.8]10.6/10.5]10.3}10.1] 9.9] 9.8) 9.6) 9.4) 9.2] 9.0} 8.9] 8.7 
30.7/29 .0/27.7/26.0/24.9/23.1/21.6/20.4)18.7/17.2)15.8]/14.5)12.7 
23.49 = 23.49 
9.7] 9.5] 9.3] 9.1] 9.0] 8.8] 8.6] 8.4) 8.2) 8.0) 7.9] 7.7) 7.5 
30.5]/28.9]27.5/25.9)24.7/23.0/21.4/20.2/18.5/17.0)15.6/14.3)12.5 
23.58 23.58 
SMS MOESe SIMSet noel vhedilmenOln ead mide) i.40|6n9]On.7 |) Oo 
30.3/28.7/27.3]/25.7/24.5/22.9/21.3/20.0]/18.3/16.8)15.4)14.1]12.3 Saas 
23.66 : 
ToT Bl 7.38) 7.1) 6.9) 6.7! 6.6) 6:4] 6:2) 6.0) 6.9) 5.7! 5.5 
30.2/28.5/27.2/25.5}24.3/22.8}/21.1/19.9]18.2/16.6/15.2)/14.0/12.2 oats 
Z3n05 2 
6.6] 6.5|) 6.3] 6.2] 6.0] 5.9] 5.7) 5.5) 5.3] 5.2] 5.0) 4.8) 4.6 
30.0]/28.4]/27.0/25.4/24.1/22.6]/21.0)19.7/18.0]/16.5)15.0/13.8)12.1 ae Ae 
. 83 ‘ 
md 5.6| 5.4] 5.2] 5.0] 4.8] 4.6] 4.4] 4.3] 4.1] 4.0] 3.8) 3.6) 3.4 
29 .8/28.2/26.9125.3]/23.9/22.4/20.9]/19.5)17.9/16.4/14.8)/13.6/12.0 pilot 
23.91 5 
4.6] 4.4] 4.2} 4.0] 3.8] 3.7] 3.5) 3.3] 3.1) 3.0 2.8 2.6) 2.4 
29 .6/28.1/26.7/25.2|/23.7/22.2/20.7/19.3)17.8/16.3}/14.8)13.4/11.9 es 
24.00 : 
BUGINSEAINSReIESEOMee She Ole2e 4) 2k 2k 220) 220 Nis m7 bs [eee 
10.0/10.1/10.2/10.3}10.4/10.5/10. 6/10. 7)10.8 
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TABLE 72 (Continued). 


12.00% Fat Basis 1000 pounds of In each square: 
Standardizing 9.50% M. S. N. F. mix. Top figure: Pounds butter. 

table for ice 14.00% Sugar Top and bottom lines: Center figure: Pounds water. 

cream mix 50% Gelatin ‘ Fat tests. Boje figure: Pounds skim-milk 
i ing: ———— ide columns: powder. 

No. 7 testing 36.00% T. S. N. F. tests. (Blanks indicate none of kind required.) 
10.0)10.1/10.2/10.3}10. 4/10. 5|10.6/10.7/10.8/10.9)11.0)11.1)11.2 
29.4/27.9|26.5|25.0/23.5}22.0/20.5]/19.1]17.6]16.1]/14.6)13.2)11.7 

24.08 
256) 254272) 2.0) DS 26) tea ae td 0 8 Ait .5 
29.2127.7/26.3/24.8/23.3}/21.8}/20.3/18.9]17.4/15.9]14.8]13.5)12.3 
24.16 1 2 3 
136) 1:4) 122) 150 8 6 .4 .2 ok 0) 
29.0/27.5/26.1/24.7/23.4/22.2}21.0]/19.7|18.5}17.3/16.0/14.8)13.5 
24.24 if 2 3 4 5 6 7 8 9 
5 3 at 0 
29.6/28.4)/27.1125.9]24.7/23.4/22.2)21.0/19.7/18.5|17.3)16.0/14.8 
24.33 3 4 5 6 10 il 12 13 14 15 16 
30.8/29.6/28.4/27.1125.9/24.7/23.4/22.2/21.0/19.7/18.5)17.3/16.0 
24.41 9 10 11 1 1 14 15 1 18 an 2 2 22 
32.1/30.8/29.6)/28.4/27.1125.9)24.7/23.4/22.2/21.0/19.7/18.5)17.3 
24.49 15; 1 1 1 19 22| 2 2 2 2 28 
33.31/32 .1130. 8/29 .6}28.4/27.1/25.9)24.7|/23.4/22.2)21.0]/19.7|18.5 
24.58 21 22) 23) 241 25); 2 2 31 34 
34.51/33 .3/32.1/30.8/29.6)28 .4/27.1]/25.9)24.7)23.4)/22.2)21.0)19.7 
24.66 27) 2 29| 30] 31 32]) 33) 934)! 35 36 38 3 40 
35.7/34.5/33 .3/32.1/30.8/29.6)/28.4/27.1125.9|24.7/23.4/22.2/21.0 
24.74 33 35} 36) 37) 38] 39 41 2) 4 4 
37.0135. 7/34. 5/33 .3/32.1/30.8/29.6/28.4/27.1)25.9/24.7/23.4/22.2 
24.83 39) 4 Al 42| 43 44; 45 48) 49 5 
38.2)37.0)35.7|/34.5/33.3/32.1/30.8)/29.6)28.4/27.1]25.9)24.7/23.4 
24.91 46] 47| 48] 49] 50] 5 54 a 57| 58 
39.4138. 2137.0)35.7/34.5/33.3]/32.1130.8/29.6)/28 .4/27.1]25.9|24.7 
24.99 5 53] 5 5 56 5 5 60} 61 63) 6 
40.7|39.4/38.2/37.0/35.7/34. 5/38 .3/32.1/30.8)/29.6)28.4/27.1)25.9 
25.07 58 60} 61 62 6 66) 6 68 7 
41.9/40.7/39 4/38. 2/37.0/35. 7/34. 5/33 .3/32.1/30.8)29.6/28.4/27.1 
25.16 6 6 6 8} 6 7 72 7 7 75 6 
43 .2/41.9/40.7/39.4/38.2/37.0/35. 7/34. 5/33 .3/32.1/30.8/29.6/28.4 
25.24 70| 7 7 74 77 7 8 81 8 
44.4)43.2/41.9/40.7/39.4/38. 2/37 .0)35.7/34. 5/33 .3/32.11/30.8/29.6 
25.33 76) 7 78| 7 80} 81 8 86] 8 88] 89 
45 .6/44.4/43 2/41 .9/40.7/39.4/38.2137.0/35. 7/34. 5/33 3|32.1 30.8 
25.41 82 8 84 85) 86] 87] 88) 89) 90) 92 9 9 95 
46 .8/45.6/44.4/43.2]41.9/40.7/39. 4138 .2)37.0135.7/34.5/33.3132.1 
25.49 fh 89} 90} 91) 92) 93) 94) 95) 96] 97 10) 101 
48 .1/46.8]45.6/44. 4/43 .2/41.9140.7/39.4/38.2/37.0135.7|/34.5/33.3 
25.58 94) 95) 96) 97} 98) 99} 100} 101) 102] 103} 104] 106} 107 
; 49 .3)48.1]46.8/45.6/44. 4/43. 2/41 .9/40.7/39 .4/38.2/37.0]35.7134 
25.66 100} 101} 102} 103] 104] 105] 106] 107] 108] 109} 110} 111] 112 
10.0/10.1/10.2)10.3)/10.4/10.5)10 6)/10.7/10.8)10.9 


11.0)11.1/11.2 
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TABLE 72 (Continued). 


Ae 12.00% Fat Basis 1000 pounds of ; In each square: 
Standardizing 9.50% M. 8. N. F. mix, Top figure: Pounds butter. 
table for ice 14.00% Sugar Top and bottom lines: Center figure: Pounds water. 
cream mix -50% Gelatin Fat tests. Bottom figure; Pounds skim-milk 
No. 7 testing: ———_ Side columns: powder. 
36.00% T. S. S. N. F. tests. (Blanks indicate none of kind required.) 


12.5)12.6. 


| 


or 


a oNlN @wl~a oO 


16 
-3 


22.41 


22.50 


22.58 


oe ole pile cole on 


22.66 


22.75 


22.83 


22.91 


23.00 


23.08 


23.16 


23.25 


o wlo alo wloe slow 


23.33 


23.41 


23.49 


OQ BPIlN Blo Flo KR 


23.58 


23.66 


23.75 


wwle alw ale wla olw Hla wla ale ale olm olm wlo pla ala wlo 
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TABLE 72 (Continued). 


12.00% Fat Basis 1000 pounds of In each square: 
Standardizing ix. 


9.50% M. S. N. F. Top figure: Pounds butter. 
table for ice 


mix, 
14.00% Sugar Top and bottom lines: Center figure: Pounds water. 


cream mix 50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 
No. 7 testing: ——— Side columns: powder. x 
36.00% T. 8S. S. N. F. tests. (Blanks indicate none of kind required. ) 
LEU SEES SEES SEEESEEEEEEE 
11.3)11.4/11.5}11.6/11.7]11.8)/11.9)12.0)12.1]12.2)12.3)12.4/12.5)12.6 
10.2| 8.7) 7.4) 6.2) 4.91 3.7) 2.5] 1.2 
24.08 1 2 3 4 5 6 7 13) 19} 26) 33) 39 24.08 
Belt Gal .9| 1.8] 2.7| 3.6) 4.5 
11.1] 9.9] 8.6] 7.4] 6.2] 4.9] 3.7] 2.5) 1.2 
24.16 4 5 6 7 8 9| 10) 12) 13) 14) 20] _27| 33) 40 24.16 
Of P82. 7) 3.6 
12.3]11.1} 9.9) 8.6] 7.4] 6 4.9) 3.7| 2.5| 1.2 
24.24 LOW DZ 13) 14h 15 6) WL7iR PS 9} 20), (221) 28 es4ias0 24.24 
9) 1.8] 2.7 
13.5)12.3/11.1] 9.9] 8.6] 7.4] 6.2) 4.9] 3.7] 2.5) 1.2 
24.33 18} 19) 20) 21) 22)" 23) 24) 25) 26) 27) 28) 29 32 Ss 24.33 
14.8]13.5]12.3/11.1] 9.9] 8 7 Al) 6-2) 4-9) 3.7) 2.5) 1.2 
24,41 2 26| 2 28] 29! 30) 31] 32! 33) 34) 35) 36 ee 24.41 
16.0}14.8]13.5}12.3]11.1) 9.9] 8.6) 7.4] 6.2) 4.9) 3.7) 2.5) 1.2 
24.49 9 31 3 35] 36) 37| 38) 39) 40) 41} 42) 43 24.49 
17.3}16.0}14.8]13.5)12.3]11.1) 9.9] 8.6] 7.4] 6.2] 4.9] 3.7) 2.5] 1.2 
24.58 35 3 4 2} 43) 44| 45) 46] 47) 47) 48) 49 24.58 
18.5/17.3/16.0)14.8)13.5}12.3/11.1] 9.9] 8.6) 7.4] 6.2) 4.9] 3.7] 2.5 
24.66 4 3 47 49) 50) 51) 52) 53) 54) 55 24.66 
19.7|18.5]/17.3}16.0)14.8)13.5)12.3)11.1| 9.9] 8.6] 7.4] 6.2) 4.9] 3.7 
24.74 47| 48] 49) 50} 51|- 52) 54) 56) 57] 58) 59] 60} 61) 62 24.74 
21.0/19.7/18.5)17.3}16.0]14.8]13.5)12.3/11.1) 9.9] 8.6] 7.4] 6.2] 4.9 
24.83 54, 55) 56) 57; 58) 59) 61] 62] 63) 64| 65) 66) 67| 68 24.83 
22.2/21.0)19.7)18.5)17.3/16.0)14.8)13.5)12.3/11.1 3.6) 7.4] 6.2 
24.91 59] 61) 62) 63] 64) 65) 66) 67) 68] 70} ¥71) 72) 73) 74 24.91 
23.4/22.2/21.0/19.7)18.5/17.3/16.0)14.8/13.5)/12.3)11.1) 9.9] 8.6] 7.4 
24.99 65) 67)" 68i) 69} 70, 71) 7218 7s 741 Tel) 77 78) V79I 80 24.99 
24.7/23 ..4/22 .2/21.0/19.7/18.5)17.3/16.0/14.8]13.5]12.3)11.1] 9.9] 8.6 
25.07 71j 72) 74) 75) «676) «377) 678) «79) 80) 81] 83] 84) 851 86 25.07 
25.9/24.7/23 4/22 .2/21.0/19.7|18.5/17.3/16.0)14.8]13.5]12.3]11.1] 9.9 
25.16 7 re 3] 84 87) 8 9 teroe 25.16 
27 ..1/25.9/24.7/23.4/22.2/21.0)19.7)18.5)17.3]16.0|/14.8]13.5)12.3}11.1 
25.24 83} 84! 85) 87] 88] 89) 90} 91) 92) 93] 94] 96) 97] 98 25.24 
28.4/27.1/25.9/24.7)/23.4/22.2/21.0/19.7/18.5/17.3/16.0]14.8113.5|12.3 
25.33 90] 21) 92) 93 96 99) 100} 101} 102} 103] 105 25.33 
29.6128 .4/27 .1|25.91/24.7/23 4/22 2/21 .0/19.7|18.5/17.3]16.0]14.8]13. 
25.41 96} 97] 98) 99) 100) 101} 102} 103) 104] 105} 106] 107] 109 tio 25.41 
30 . 8/29 6/28. 4/27 .1/25.9)24.7/23.4/22. 2/21 .0)19.7118.5]17.3]16.0]14. 
25.49 102} 103} 104} 105) 106] 107) 109) 110] 111] 112] 113] 114 Lisl tis 25.49 
32.11/30 .8/29.6)28.4/27.1/25.9/24.7/23.4/22.2/21 0]/19.7|18.5]17.3 
25.58 108} 109] 110} 111) 112] 113] 114] 116] 117] 118] 119] 120] 121 "op 25.58 
33.3 32.1 30. 8/29. 6/28 .4/27.1125.9/24.7/23 4/22. 2121 .0/19.7]18.5 
25.66 114} 115) 116] 117] 118] 119] 120] 121] 122] 124) 125) 126] 127 138 25.66 
11.3]11.4]/11.5)11.6)11.7}11.8/11.9/12,.0/12.1]12.2]12.3]12.4]12.5]12.6 
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TABLE 72 (Continued). 


FE 12.00% Fat Basis 1000 pounds of In each square: 
Standardizing i 

table for ice 

cream mix 


9.50% M. S. N. F. mix. Top figure: Pounds butter. 
14.00% Sugar Top and bottom lines: Center figure: Pounds water. 
-50% Gelatin Fat tests. Bottom figure: Pounds skim-milk 


No. 7 testing: ——W— Side columns: powder. 
36.00% T. S. SN. E. tests: (Blanks indicate none of kind required. ) 


12.7)12.8)/12.9)13.0)13.1/13.2)13.3/13.4/13.5/13.6)/13.7/13.8]/13.9]14.0 


22.33 29) 35) 42) 48) 54] 61] 67] 74; 80) 86) 93) 99] 106) 112 
24.1/25.0/25.9/26.8)27.7/28.6)29. 5/30. 4/31 . 3/32. 2/33.1/33.9/34.5/35.7 
22.41 30} 36) 43) 49) 55) 62) 68) 75) 81) 87; 94] 100} 107) 113 
23 .2/24.1/25.0/25.9/26.8)27.7/28 6/29. 5/30. 4/31. 3/32 .2/33.1/33.9)34.8 
22.50 31| 37) 44) 50) 56] 63) 69) 76) 82] 88) 95] 101} 108) 114 
22 ..3)23.2)24.1/25.0/25.9/26.8/27. 7/28. 6/29. 5/30. 4/31. 3/32. 2/33 .1/33.9 
22.58 31) 37) 44) 50) 56] 63) 69) 76) 82) 88) 95) 101) 108) 115 
21.4/22.3/23.2)24.1/25.0/25.9)/26. 8/27. 7/28 .6/29.5130.4/31.3/32.2)33.1 
22.66 3 38 5] 51) 57 70) 77) 83) 89} 96) 102} 109) 115 
20. 6/21 .4/22.3/23.2/24.1/25.0/25.9/26.8]27.7/28.6/29.5/30.4/31.3)/32.2 


22.75 


22.83 


22.91 


23.00 


23.08 


23.16 


23.25 


23.33 


23.41 


23.49 


23.58 


23.66 


23.75 


23.83 


3] 49 5| 62! 69] 75} 81] 88] 94] 100} 107| 113) 120) 127 
8-0 8.9 9°8 10.7\11.6]12.5}13.4}14.3/15.2}16.1/17.0]/17.9/18.8}19.7 


23.91 44| 50| 56] 63] 70] 76] 82] 89] 95) 101) 108] 114 
1 


1 
8.0] 8.9] 9.8]10.7/11.6]12.5)13.4/14.3)15.2)16.1]17.0)17. 


4| 70] 77| 82] 89] 96) 101] 108) 114) 121) 128 
6.3 74 80 8°9 9.8|10.7/11.6)12.5)13.4/14.3)15.2 16.1)17.0)17.9 


12.9/13.0/13.1/13.2/13.3]13.4/13.5]13.6/13.7/13.8/13.9/14.0 


12.7|12.8 
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TABLE 72 (Continued). 


12.00% Fat Basis 1000 pounds of | In each square: 
9.50% M. S. N. F. i 


Top figure: Pounds butter. 


mix, 
14.00% Sugar Top and bottom lines: Center figure: Pounds water. 


cream mix Ll .50% Gelatin Fat tests. Bottom figure: Povnds skim-milk 
No. 7 testing: §— Side columns: powder. 
36.00% T. S. S. N. F. tests. (Blanks indicate none of kind required.) 


12.7/12.8}12.9}13.0/13.1/13.2)/13.3)13.4/13.5)13.6)13.7)13.8)/13.9]/14.0 


45| 52) 58] 65] 71 115] 122} 129 | 24.08 
athe 5 a 6.3] 7.1] 8.0] 8.9 15.2|16.1/17.0 
52| 59] 66] 72 116] 123} 130 | 24.16 
mas a'3 5.4] 6.3] 7.1] 8.0 14,3]15.2|16.1 
24.24 47| 53| 59] 67| 73] 79] 85} 91! 99] 105] 111] 117] 123] 131 24.24 
3.6| 4.5] 5.4] 6.3! 7.1] 8.0) 8.9] 9.8/10.7]11.6]12.5]13.4/14.3]15.2 
24.33 47| 54] 60] 67] 74] 80} 86] 92} 99] 106] 112] 118} 124] 132 | 24.33 
2.7| 3.6| 4.5] 5.4] 6.3] 7.1] 8.0) 8.9] 9.8/10.7/11.6]12.5]13.4/14.3 
24.41 48] 54] 61] 68} 74] 81] 87} 93] 100] 106} 113] 119] 124] 133 | 24.41 
18/0 2)71 3 6leero| eons Onsling: LinseO 10.7/11.6/12.5]13.4 
24.49 49| 55} 61| 69) 75] 81| 88] 94! 101] 107] 113] 120] 125] 133 ] 24.49 
9} 1.8] 2.7] 3.6] 4.5] 5.4] 6.3] 7.1] 8.0) 8.9] 9.8]10.7|11.6]12.5 
24.58 50| 56] 62] 69] 76] 82] 88] 95] 102] 108] 114] 120] 126] 134] 24.58 
9] 1.8] 2.7] 3.6) 4.5] 5.4] 6.3] 7.1] 8.0] 8.9] 9.8110.7/11.6 
1) 
24.66 56| 57] 63} 70] 76] 83] 89] 95] 103] 109] 115] 121] 127|/ 134] 24.66 
9] 1.8] 2.7] 3.6] 4.5] 5.4] 6.3] 7.1] 8.0] 8.9] 9.8]10.7 
25 | elie 
24.74 62} 63} 64] 71] 77] 83] 90] 96] 103! 110] 116] 122] 128] 135 | 24.74 
9) 1.8] 2.7] 3.6] 4.5] 5.4] 6.3] 7.1] 8.0] 8.9] 9.8 
db Dake Wee 
24.83 69| 70| 71] 72! 78] 84] 90|° 97} 104} 110] 117] 123] 129] 135 ] 24.83 
9} 1.8] 2.7] 3.6] 4.5] 5.4] 6.3] 7.1] 8.0] 8.9 
A Bail Pais) TL 
24.91 75} 76] 77| 78| 79) 85] 91] 97) 105] 111 11g 124] 130} 136 | 24.91 
9} 1.8] 2.7] 3.6] 4.5] 5.4] 6.3] 7.1 
Go| Ae Olicsiaz | eed meee 
24.99 81] 82] 83] 84] 85} 86] 92] 98] 105} 112} 118] 124] 131] 136 | 24.99 
9} 1.8 3.6] 4.5] 5.4! 6.3] 7.1 
Pd CR] 2) Bed Gay) 
25.07 87} 88! 89} 90} 91) 92] 93] 99] 106] 112] 119] 125] 131] 137 ] 25.07 
9} 1.8] 2.7] 3.6] 4.5] 5.4] 6.3 
8.6] 7.4| 6.2] 4.9] 3.7] 2.5] 1.2 
25.16 93} 94] 95] 96) 97} 98] 99] 100] 107] 113] 119] 126] 132] 138 | 25.16 
9] 1.8] 2.7| 3,6] 4.5) 5.4 
9.9 7.4) 6.2] 4.9] 3.7] 2.5] 1.2 
25.24 99} 100} 101} 102) 103) 104] 105] 107) 108] 114] 120] 126] 133] 139 | 25.24 
1.8 6) 4.5 
11.1] 9.9] 8.6] 7.4] 6.2] 4.9] 3.7] 2.5] 1.2 
25.33 106] 107] 108} 109] 110] 111) 112] 113] 114] 115 121 127 133 140 | 25.33 
12.3/11.1] 9.9] 8.6] 7.4] 6.2] 4.9] 3.7] 2.5] 1.2 
25.41 111} 113] 114] 115} 116] 117] 118] 119] 120] 121] 122] 128 134 140 25.41 
13.5/12,3]11.1] 9.9] 8.6] 7.4] 6.2) 4.9] 3.7] 2.5] 1 
25.49 118} 119] 120] 121] 122] 123) 124] 125] 126] 127) 128] 129] 135] 141 ] 25.49 
8 
14.8/13.5]12.3/11.1] 9.9] 8.6] 7.4] 6.2] 4.9] 3.7] 2.5] 1.2 
25.58 123] 124] 126] 127] 128] 129] 130] 131] 132] 133] 134] 135] 136] 142 | 25.58 
.9 
16 .0/14.8/13.5/12.3]11.1] 9.9] 8.6] 7.4] 6.2] 4.9] 3.7] 2.5] 1.2 
25.66 129] 130) 131) 132] 133} 134] 136] 137] 138] 139] 140] 141] 142] 143 ] 25.66 


a 


‘ 


12.7)12.8/12.9/13.0)13.1/13.2/13.3]/13.4 aS E1086 13.7/13.8/13.9)14.0 
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TABLES FOR COMPOUNDING, UPON 1000 POUND BASIS, ICE 
CREAM MIXES OF VARIOUS TESTS AND FROM VARIOUS 
RAW PRODUCTS. 


Tables 75 to 84 inclusive, immediately following give the 
pounds of various commonly available raw products necessary 
to mix together, in order to produce ice cream mixes of the 
compositions indicated. The tables are all made upon the 1000 
pound basis. The proportions will of course hold for any quan- 
tity desired, either greater or smaller than 1000 pounds. The 
accuracy of the tests of the various mixes is limited to the 
accuracy in the composition of the products used, as compared 
with the composition named in the tables. This method can be 
depended upon to give only approximate results. It is not recom- 
mended when accuracy is desired, nor when the aim is to make 
a uniformly standardized product. 

The heading over each table enumerates the products used. 
The products used are also given upon the left hand side of the 
table, together with the composition of the same. The composi- 
tion of the nine different mixes giving the fat, M.S. N. F., sugar, 
gelatin and total solids is found in the upper half of the table. 
The pounds of the various products necessary to use to make 
1000 pounds of mix, are given in the lower half of the table. 

The various combinations of products used in the several 
tables are as follows: 

Table 75. Mixes of nine compositions; made from 18 per 
cent cream; evaporated milk testing 8.00 per cent fat and 26.15 
per cent total solids; whole milk; sugar; gelatin and water. 

Table 76. Cream; plain 8 per cent condensed whole milk; 
whole milk; sugar and gelatin. Butter necessary in two compo- 
sitions of mix. 

Table 77. Cream; plain 9 per cent condensed whole milk: 
whole milk; sugar and gelatin. Butter necessary in two compo- 
sitions of mix. 

Table 78. Cream; plain condensed skim-milk; whole milk; 
sugar and gelatin. 

Table 79. Skim-milk powder; butter; sugar; gelatin and 
water. 
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Table 80. Sweetened condensed whole milk; cream; skim- 
milk powder; butter; whole milk; sugar and gelatin. 


Table 81. Sweetened condensed skim-milk; cream; butter; 
whole milk; sugar and gelatin. 


Table 82. Skim-milk powder; whole milk; butter; sugar 
and gelatin. 


Table 83. Sweetened condensed skim-milk; cream; sugar; 
gelatin and water. 


Table 84. Sweetened condensed skim-milk; butter; sugar; 
gelatin and water. 


METHOD OF CALCULATION USED IN DERIVING INGREDIENT 
FORMULAS. 


J. A. Cross devised a unique method of calculation that was 
applied in solving all the problems included in Tables 75 to 81 
inclusive. This method can be applied to any combination of 
substances that it may be desired to use in making up ice cream 
mix. 

The example used to illustrate the method is taken from 
Table 75 and is as follows :— 


Example: Wanted to make 1000 pounds of ice cream mix 
testing 8.00 per cent fat; 11.50 per cent M. S. N. F.; 18.00 per 
cent sugar, and .50 per cent water free gelatin. The materials 
available are cream testing 18.00 per cent fat, and 25.59 per cent 
T. 8.; evaporated milk testing 8.00 per cent fat, and 26.15 per 
cent T. S.; whole milk testing 3.50 per cent fat and 12.00 per 
cent T. S., sugar testing 100 per cent T. S.; and gelatin testing 
87.00 per cent T.S. 


Solution: Each 1000 pounds of mix must contain 130 pounds 
of sugar and 5 pounds of gelatin. Therefore 1000—(130-++-5)= 
865 pounds of milk products. The 865 pounds of milk products 
must contain 80 pounds of fat and 115.7 pounds of M. S. N -F. 
(The extra .7 pounds is added to make up for the water contained 
in the gelatin used. 5—(5X.87)=.65. 


80---865—9.25, per cent fat required in: mixture of milk 
products. 
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115.7-865=13.39, per cent M. 8. N. F. in mixture of milk 
products. 


The tests of the cream, evaporated milk and. whole milk 
respectively are plotted upon the basis of their fat and S. N. F. 
contents, and lines are drawn from the one to the other to form 
a triangle. The test of the mixture required is then plotted within 
the triangle. The other lines are then drawn, all being as 
illustrated under Fig. 89. Accurate measurements are made of 
each full line that intersects the point of the mixture inside of 
the triangle, and in turn of the short line which extends from the 
central point to one of the sides of the triangle. The larger the 
triangle the more accurate these measurements will be, and when 
many determinations of this kind require to be made, a drawing 
board and T square can be used to advantage. By simple ratio 
the proportion of each ingredient required is calculated as 
follows :— 


(1). A,A+A,A=X-—Total pounds. 
or 1.046 (em)—+4.49 (em) =X—865 
X—=201.3, or pounds cream required. 


(2). B,B+B,B=X—Total pounds. 
or .7819 (em)-+8.246 (em) =X—865 
X=208.8, or pounds milk required. 


(3) C,D+C,C=X—Total pounds. 
or 1.7213 (em)—3.236 (cm)—X--865 
X=454.9, or pounds evaporated milk required. 


Therefore, 1000 pounds mix will require: 
201.3 pounds cream 
208.8 pounds milk 
454.9 pounds evaporated milk 
130.0 pounds sugar 
5.0 pounds of gelatin 


1000.0 pounds total mix 


Finished product will test 7.994 per cent fat and 32.99 per 
cent T. 8. 
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Fig 89. Diagram Showing Graphic Method of Standardization. 


In the above diagram point A, representing cream testing 18 per cent fat 
and 7.59 per cent S. N. F., is plotted as indicated. Point B, representing whole 
milk testing 3.5 per cent fat and 8.5 per cent 8. N. F., and point C, represent- 
ing evaporated milk, testing 8 per cent fat and 18.15 per cent S. N. F., are 
plotted in the same way. These three points are then connected to form the 
triangle ABC. Point D represents the mixture desired, testing 9.25 per cent 
fat and 13.39 per cent S. N. F. Lines are then drawn through AD, BD and 
CD to.the point where they intersect the side of the triangle. The ratio of 
A, D to A, A times 865 represents the pounds of cream required. The ratio 
of B, D to B, B times 865 represents th2 pounds of whole milk required and the 
proportion of C,sD to C, C times 865 represents the pounds of evaporated milk 
required. Adding these three amounts, and the sugar and gelatin necesary, 
the sum will be 1,000 pounds. 
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TABLE 84. 


Mixes of Three Compositions. Made from Sweetened Condensed Skim-Milk, 
Butter, Sugar, Gelatin and Water. 1000 lb. Basis. 


No. of Mix 1 2 3 
Per Cent |Per Cent |Per Cent 
Patisicecaca nee 12.00 16.00 18.00 
Composition of Mixes in Percentages IMSS Ne Baas cete 8.50 7.50 7.50 
Surateteerts sete 14.00 14.00 14.00 
Gelatin ge. cqtsca ese .50 .50 -50 
= PR eS ait 35.00 38.00 40.00 


Fat IMG STINE elitr Pounds | Pounds | Pounds 


% % % 
Sweets ave. » 
Condensed.. . .50 27.50 70.00 303.5 264.6 263.6 
Name and tests of/Skim-milk. .. 

products = with}|-———————_ a 
pounds of each|Butter...... 83.00 1.50 84.5 142.8 191.4 215.0 
required,...... 

SUSATE LT cereal seers, ip aaets ae 100. 12.5 28.9 29.3 

Gelating cas. scl at cern dl) meetctenes 87. 5.0 5.0 5.0 

Wateri.. cc nelicbamtoes, il weakreep tI. sakes 536.2 510.1 487.1 

DG teal Cecievsiorel|\. waters ste alters eketater Uk hice seecorccs 1000 1000 1000 


TABLE FOR COMPOUNDING ICE CREAM MIXES IN VACUUM PAN. 


v 


Tables 85 to 87 inclusive each in turn give the pounds of 
three different combinations of raw materials, necessary to pro- 
duce nine different compositions of ice cream mix. These are all 
calculated upon basis that will yield 1,000 pounds of finished prod- 
uct, when condensed to the concentration desired; in the vacuum 
pan, using the Mojonnier method. The proportions given will 
apply to any size of batch of finished product that may be wanted 
either larger or smaller than 1,000 pounds. 


The arrangement of the tables is similar to that followed in 
the tables just preceding. 


The combination of products used was as follows: 
Table 85, Whole milk, butter, sugar and gelatin. 
Table 86, Whole milk, butter, sugar and gelatin. 
Table 87, Skim-milk, butter, sugar and selina 
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The Cutler method for proportioning ice cream mixes: 


Cutler?® devised an arithmetical method for proportioning 
the ingredients required in compounding ice cream mixes. The 
proportions are established upon the basis of the percentages of 
serum and serum solids in the various products involved, and the 
method is therefore, sometimes referred to as ‘‘the serum point 
method’’. The proportions are ascertained upon the basis of a 
100 lb. batch, and the results thus obtained can be used to caleu- 
late batches of any desired weight. 


The accuracy of the method depends upon whether or not the 
percentages of milk solids not fat are the same, in the serum of 
the cream and whole milk used. Dissimilarity will cause a plus or 
minus error, as the case may be but the error is usually within 
practical limits. Exact standardization of the entire batch can 
be made after compounding, when desired, using the methods 
described elsewhere in this chapter. 


(1). The formula for finding the pounds of condensed milk 
required is as follows: 


(Wei %| serum ) (wie %. serum ) % Solids in 


Weight x solids desired Weight X desired in mix |X Serum of 
in mix 100 whole milk 
% solids %, serum in 
%, serum solids (i serum condensed 
in condensed — \of whole milk X 100 


(2). The formula for finding the pounds of cream required is 


as follows: 
Batch % fat Required lbs. % fat 
Weight xX desired / — \ Milk and cream & in milk 


%fat in creaam—%, fat in milk 


The above method is applied to the solution of four represen- 
tative problems, The first three problems prove correctly. Prob- 
lem 4 yields mix containing a slight excess of serum solids. 
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Problem 1, solved by Cutler method. Calculating 100 pounds of 
ice cream mix made up of cream, condensed milk, whole milk 
sugar, gelatin and flavor. 


Percentage composition of products and of the mix: 


Sugar 
Gelatin 
PRODUCTS Fat 8.8. Acid Serum 

Flavor 
Creamer ae de donc ae eee || al 00 EDD mea Para Serena | eens ee 
WondensedpVinlkwess pets one 8.00 PA OMe alle Geran a ae 92.00 
Vitro lewN Tiles oe 2 et toys ts 3.50 Sr OOM || eeterteuarectacs eres gies are 
Desirede Mixers ce. see cre 8.00 11.50 13.50 78.50 


Calculating the pounds of condensed milk required. 


100 & 11.5) — (78.5 & 8.81 
( x ee as ) 97 19 pounds of condensed 
25.00 — (8.81 X .92) milk, 


Calculating the pounds of milk and cream together: 


(100 — 13.5)—27.12 = 59.38, pounds of milk and cream. 
Caleulating the pounds of cream: 

(8 — (27.12 & .08) — (59.38 & 3.50) 

"co pci Rng yeoman ae anal 
Calculating the pounds of milk: 


= 25.98, lbs. of cream 


59.38 — 25.93 = 33,45, pounds of milk. 


Problem 2, solved by Cutler method. Calculating 100 pounds 
of ice cream mix from cream, sweetened condensed skim-milk 
and whole milk. 


j Fat | 8.8. | Sugar . 
PRODUCTS % % %  |Gelatin| Serum 
Sweetened condensed skim-milk..... AKO. | BBO) EPEOO4 |, conor 57.50 
(GHENT Pak, wreccGeerercin tion Gao OD an TBE OO |) Lbs PPFel Bs cael tal lof lois, ctl ha eeareeace © 
NVinolewnillowaaemiiee eterna se Rae Pre SOM eee Oa megereornl iain areval| snare cei 


Wiirse0 BeCl, Jo 55. ceo pa choo go eOOnS 8.00 | 11.50 | 13.00 .50 | 78.50 
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Calculating the pounds of serum in the batch: 
100 — (8.00 + 18.00 + 0.50) = 78.5, pounds of serum. 
Calculating the condensed milk required: 


(100 — 11.50) — (78.50 X 8.81%) 


-—=20.48, pounds of sweet- 
27.50 — (8.81 & .575 


ened condensed skim- 
milk, 
Calculating the pounds of fat supplied by milk and cream: 


8.0 — (20.48 & .005) = 7.9, pounds of fat. 


Caleulating total pounds of milk and cream required: 
(100 — 13.50) — [20.43 x (100 — 42) |] =74.65 pounds of 
milk and cream. 
Calculating pounds of sugar to add: 
13 — (20.48 & 42) = 4.42, pounds of sugar. 
Calculating the pounds of cream: 
(100 x 7.9) — (74.65 & 35) 


= 36.47, pounds of cream. 
18 — 3.5 


Calculating the pounds of milk: 
74.65 — 36.47 = 38.18, pounds of milk. 


Problem 38, solved by Cutler method. Calculating the products 
in 100 pounds of mix from condensed skim-milk, cream and 
whole milk. 


Fat 8.8. Sugar and 
PRODUCTS % % Gelatin Serum 
Condensed skim-milk.......... .50 252500 ne eee 99.50 
Creates hve cee ee 40.00 DEOOGT Meee Ae 
Whole milk. . Ae ee 3 f0) 350) tel aw wero | Berceee epee, 
Mixudesireds v7 racae eto 8.00 11.50 14.00 78.00 


Caleulating the-condensed skim-milk required: 


(100 X 11.5) — (78/155 X 8.81) 


=-21-00, ds of 
25.5 — (8.81 X **-5/,,.) , pounds o 


condensed skim-milk. 
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Calculating the pounds of fat to be supplied from the milk and 
cream: 


8 — (27.67 X .005) = 7.86, pounds of fat. 


Calculating the pounds of milk and cream combined: 
86 — 27.67 = 58.33, pounds of milk and cream. 


Calculating the pounds of cream required: 


(100 X 7.86) — 58.83 & 3.5) 


18 — 3.5 = 40.13 pounds of cream. 


Calculating the pounds of milk required: 
58.33 — 40.13 = 18.20 pounds of milk. 


Problem 4, solved by Cutler method. Calculating products in 
100 pounds of ice cream mix from milk, butter and sweetened 


condensed milk. 


Composition of materials and of desired mix. 


Serum | Sugar and 


MATERIALS Fat Solids Gelatin Serum 
Sweetened condensed milk...... 8.00 AOD Waco date cen CaO 
Wiholesmil kis jira te cicteveren stone 3.50 AO Ul ocrommnic ans Bile cots ereRAIBESG 
Butterse nee eee ee See oon OU LOS as | Seren rase ita tae ayant states 
Mixedesired #007 acters senor 8.00 LOO 14.00 - 78.00 


Calculating the solids in the butter serum: 


1.50 < 100 
100 — 83 
Preliminary calculation for finding sweetened condensed: 
(100 x 11.50) — (78 X 8.82) 
> 2028.82 50) 


Removing the sugar from the sweetened condensed and subtract- 
ing the remainder from the total milk products: 
86.0--1(29.63.< .08)=— 68.81 


= 8.82, per cent solids in the butter serum. 


== 29.03 
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Calculating the remainder of the fat to be supplied: 
8.0 — (29.63 * .08) = 5.63 


Calculating condensed to add to 100 parts of milk to raise the 
solids content of the milk serum to 8.82 (per cent in the but- 
ter) : 

100 — 3.5 & (8.82 — 8.5) 
20.0 — (8.82 * 0.50 
1.98 & 0.58 = 1.14, condensed minus the sugar. 


Calculating fat percentage in the milk and condensed milk serum 
combination: 


3.5 + (1.98 x .08) X 100 
100+1.14 


= 1.98, condensed to add. 


=o OL 


Calculating the pounds of butter: 


(100 X 5.63) — (68.82 X 3.61) 
Sa eee ET 


= 3.96 pounds of butter. 


Calculating the pounds of milk: 


(68.82—3.96) < 100 


= 64.12, pounds of milk. 
100 + 1.14 : 


Calculating total pounds of sweetened condensed milk: 
86— (64.12-+3.96) 
58 


==290,09 


Calculating pounds of sugar to add: 
13 — (80.9 X .42) = .03, pounds of sugar. 
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CHAPTER XIV 


THE STANDARDIZATION OF 
MISCELLANEOUS DAIRY 
PRODUCTS 


In addition to the products described in the preceding chap- 
ters, there are numerous others of great commercial and economic 
importance that require the most exact control possible in their 
manufacture, if these are to be marketed of uniform chemical and 
physical properties. The standardization of the most important 
of these products will be discussed in this chapter. 


THE STANDARDIZATION OF UNSWEETENED CONDENSED 
MILK. 


Besides evaporated milk described in Chapter XI, there are 
several other unsweetened condensed milk products of great com- 
mercial importance, the same being made both of skim and whole 
milk. There are two main varieties of concentrated skim-milk. 
One variety is controlled by a Federal Standard of 20.00 per cent 
T.S., and is eanned largely in one gallon cans, and sterilized like 
evaporated milk. 


The second variety is manufactured largely under a trade 
standard of 25.50 per cent T.S., and is usually superheated in the 
vacuum pan. This is marketed largely in eight or ten-gallon milk 
shipping cans, the same being an unsterilized product, and in- 
tended for prompt consumption. 


The fat content in these products is frequently disregarded 
but under careful management the same should be determined, 
otherwise preventable losses may occur. The standardization is 
usually based upon the T.S. content only. 


Evaporated skim-milk of 20 per cent T. S. test is condensed in 
the vacuum pan in a manner similar to evaporated whole milk. 
The condensation is continued sufficiently to provide an excess 
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of T.S. in the condensed product. This is then tested for T.9. 
using the Mojonnier Tester, and water is added to bring the 
product back to the test desired. 

Plain condensed skim-milk testing 25.50 per cent T.S. is usu- 
ally condensed beyond the point desired before superheating. 
The overcondensed product is diluted back with water to the 
point desired as in the ease of the evaporated skim-milk. 

If the skim-milk used is properly sampled and tested the yield 
can be calculated as indicated by the following example: The 
batch contains 10000 pounds skim-milk testing 8.80 per cent T.S. 
It is desired to make evaporated skim-milk testing 20.00 per cent 
T.S. The product obtained from the pan weighed 4200 pounds. 
10000 x .088 = 880, pounds T. S. in the entire batch. 

880 .20 = 4400, the pounds of evaporated skim-milk pos- 
sible to make. 
4400 — 4200 = 200, or the pounds of water necessary to add. 

If the standardizing is to be done after condensing, the caleu- 
lation is indicated by the following example: 

The product from the pan weighs 3200 pounds, and tests 26.87 
per cent T.S. 

The test desired is 25.50 per cent T.S. 

32,00 = X=20.00 =: 26.87. 
X = 3451, the total pounds that the batch should contain. 
3451 — 3200 = 251, the pounds of water necessary to add. 

Plain condensed whole milk is manufactured under many dif- 
ferent trade standards, as regards both fat and T.S. The two 
most common standards are 6.00 per cent fat and 28.00 per cent 
T. S. and 8.00 per cent fat and 30.00 per cent T.S. The methods 
of calculation for standardizing these products are the same as 
in the case of evaporated milk given under Chapter XI, to which 
the reader is referred. 


RELATION OF COMPOSITION, TEMPERATURE AND SPECIFIC 
GRAVITY IN SEVERAL UNSWEETENED CONDENSED 
MILK PRODUCTS. 


It is pointed out in the chapter on evaporated milk that a 
proper knowledge of the relation between temperature, specific 
gravity and composition is of value in determining the point at 
which to strike the batch. A knowledge of this relation may also 
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be used to advantage in determining the striking point of other 
concentrated milk products. With the object in view of providing 
this useful information, the specific gravity at various tempera- 
tures and compositions was carefully determined in the case of 
three of the most common unsweetened condensed milk products. 
Fig. 90 shows this relation in the case of unsweetened con- 
densed whole milk in which the fat and M.S. N. F. are in the 
ration of 8: 22. Fig. 91 applies to plain condensed skim-milk 
ranging from 20.00 per cent to 40.00 per cent T. S. Fig. 92 
applies to condensed buttermilk testing from 13.50 per cent to 
32.00 per cent T. S. All tests were made by J. A. Cross and H. 
J. Liedel. 


THE STANDARDIZATION OF MILK POWDERS. 

Milk powders are manufactured of various compositions from 
skim-milk to cream. In skim-milk powder the per cent of fat is 
ordinarily disregarded, but sometimes this is considerable—the 
closeness of the separation of the whole milk being the governing 
factor. As a matter of precaution in factory control, the fat test 
of the skim-milk should be daily ascertained both in the fresh 
skim-milk, and in the finished powder. The water content of skim- 
milk powder is limited in the Federal standard to 5 per cent. 

The test must be closely watched both because of the standard 
requirements, and because of the close relation between water 
content and keeping quality. 

The following example shows how to calculate the pounds of 
skim-milk powder possible to make. The batch of skim-milk 
weighs 10000 pounds and tests 8.80 per cent T.S. 

10000  .088 = 880, pounds T. S. in entire batch. 
880— .95 = 927, pounds skim-milk powder testing 95.00 per 
cent T. 8. that it is possible to make. 

The sampling and the testing of the powder itself is fully de- 
scribed in the chapters relating to this subject. 


HOW TO STANDARDIZE WHOLE MILK AND CREAM POWDERS. 


The principles underlying the standardization of whole milk 
powder are very similar to those underlying the standardization 
of evaporated milk. Two general methods are available, namely, 
(1) standardizing the whole milk in the hot wells before condens- 
ing, or (2) standardizing the finished product by adding skim- 
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KEY TO FIG. 90 


Curve 1 2 3 4 is 6 7 
Fat, MR aescee hac poaiek ts Gla tae 
per cent..| 5.00 5. 50 6.00 6.50 7.00 OU) 8.00 
M.S. N.F. is 


per cent..| 13.75 15.13 16.50 17.88 19.25 | 20.63 | 22.00 


7p Se 
per cent..| 18.75 | 20.63 | 22.50 | 24.38 |,26.25 | 28.13 | 30.00 
pee CBee e208 p09 2888420257) 28.138 | 30000 
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TEMPERATURE 


SPEC/FIC GRRAV/TY /N DEGREES BAUME 


Fig. 90. Relation Between Temperature, Specific Gravity and Composi- 
tion in the case of unsweetened condensed whole milk in which ae once 
euts are in the Ratio 8.00 Per Cent Fat to 22.00 Per Cent M. S. 


milk powder or whole milk or cream powder as the case may re- 
quire. The first named method is usually preferable, for the rea- 
sons that the proper products are not always available, and that 
many plants are not equipped to mix, satisfactorily, various 
grades of milk powder. 

Whole milk powder is marketed under many different compo- 
sitions. The minimum composition is governed by the Federal 
ruling which calls for not less than 26.00 per cent fat, 69.00 per 
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TEMPERATURE-DEGFEES FATA. 


SPECIFIC GRAVITY IN DEGREES BAUME 


Fig. 91. Relation Between Temperature, Specific Gravity and Composi- 
tion in the Case of Plain Condensed Skim-milk Ranging from 20.00 Per Cent 
to 40.00 Per Cent T. S. 


) 


cent M. S. N. F., and not more than 5 per cent water. In this 
product the ratio of M.S. N. F. to fat is 1:.3768. 

When necessary to add skim-milk to the whole milk, when 
standardizing before condensing, follow method of calculation 
recommended under Problem 7, Chapter XI. 

When necessary to add cream to the whole milk, when stand- 
ardizing before condensing, follow the method of calculation ree- 
ommended under Problem 8, Chapter XI. 

When desired to standardize whole milk powder with other 
milk powders, follow methods of calculation recommended under 
Problems 1 and 2, Chapter X. 

In cream powder the per cent of M.S. N.F. and the physical 
properties of the product will vary with the composition of cream 
used to make the powder. Table 88 gives the percentage of 
M.S.N.F. in the T.S8. of three samples of ¢ream of different 
compositions. 
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TOTAL SOL/DS . Het E 
13.5070 20.00% 25.00% 32.00% | f 


TEMPEPRAT URE-DEGREES FAAR. 


SPEC/FIC GRRAVITY-DEGREES BAUME 


; Fig. 92. Relation Between Temperature, Specific Gravity and Composi- 
tion in the Case of Condensed Buttermilk Ranging from 13.50 Per Cent to 
32.00 Per Cent T. S. 


TABLE 88, 
Per Cent M.S.N.F. in T.S. of Cream of Different Tests. 


Per Cent 
Composition of Cream in Per Cent M.S.N.F. of 
Fat M. S.N.F. 2.8. Aicy 
15.15 7.85 23.00 34.13 
30.02 6.48 36.50 17.75 
50.02 4.63 54.65 8.47 


It is evident that the composition of cream powder depends 
entirely upon the composition of the cream from which it is 
produced. A cream low in fat will produce a cream powder high 
in §. N. F. and vice versa. 


MANUFACTURE, COMPOSITION AND STANDARDIZATION OF 
CHOCOLATE, COCOA AND MILK CHOCOLATE. 


Chocolate and cocoa are made from the seeds of Theobroma 


444 MisceELLANEOuS Dairy PRODUCTS 


Cacao, a tree that grows in most tropical countries. The seeds 
are commonly called ‘‘cocoa beans.’’ 


In the manufacture of chocolate the seeds are separated from 
the pulp of the fruit in which they grow. Then they are roasted, 
partially crushed and winnowed to remove the seed shells. The 
partially crushed seeds after having the shells removed are known 
as cocoa nibs. In the manufacture of chocolate these are crushed 
warm between grinding stones, and the freed fat causes the ma- 
terial to flow from the grinding stones in the form of a thin paste. 
This is allowed to cool in molds and forms commercial unsweet- 
ened chocolate. It has practically the same composition as the 
cocoa nibs from which it is made. 


The sweetened chocolate usually contains between 50 and 70 
per cent of added sugar, and the percentages of the other con- 
stituents are correspondingly lower. 


Cocoa is made from the ground cocoa nibs, or unsweetened 
chocolate by separating part of the fat, usually about one-half. 
The removal of the fat increases proportionately the percentage 
of the other constituents remaining in the cocoa. 


In the manufacturing process cocoa shells may not be com- 
pletely separated from the cocoa nibs before they are ground, but 
any large amount of material from the shells remaining in the 
chocolate, or in cocoa would be classed as an adulteration. 

Winton analyzed cocoa nibs, pure commercial cocoa, and co- 
coa shells, and his results are given in the following table. 

Milk chocolate consists of material from ground cocoa nibs 
with added sugar, and milk or milk products. The composition 
of ten samples of milk chocolate is given in the Annual Report of 
the Conn. Agr. Exp. Sta. for 1911. Each sample was taken from 
the product placed on the market by a different manufacturer. 
These analyses are given in Table 89. 

A sample of milk chocolate obtained upon the Chicago market 
was tested by Miss Lucy Klein and found to contain 32.66 per 
cent fat, and 2.38 per cent water. 

The results given in Table 90 indicate the wide differences in 
composition that were found in milk chocolate. By proper 


methods of standardization, these differences could be greatly re- 
duced. 


Composition of Cocoa Nibs, Pure Commercial Cocoa and 


CHOCOLATE AND Cocoa 


TABLE 89 
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Cocoa Shells. 


Cocoa nibs Pure commer-| Cocoa shells 
(hand shelled) |cial cocoa. Av-| (hand shelled) 
Average of 17 jerage of 26 an-| Average of 17 
analyses. alyses, analyses. 
%o %o % 
WYLIE Sas ORCI ear 2.72 6.23 4.87 
De 35 rare Roe en a 3.32 5.49 10.43 
Mheobromin’ %. 0.4... 1.04 1.15 0.49 
CCC i eo re 0.40 0.16 0.16 
Other nitrogenous substance 
(Protein 525 See nce 12.12 18.34 14.46 
Cruder DED ee oo? acs oes 2.64 4.48 16.55 
IULeSStArChy fa Acres t.2 6.4 «0 8.07 11.14 4.13 
Other nitrogen-free sub- 
SUANCCSimke pie torn heen oe 19.57 26.32 46.15 
LRA ete i A cy a ea 50.12 26.69 2.76 
100.00 100.00 100.00 
TABLE 90 
Composition of Milk Chocolate. 
In Air-Dry Material 
Alkalinity Fat Constants 
Sam- | Ash of ash Fat Nitro- | Sucrose] Lactose 
ple per c, ¢. of per gen per per Reich- 
o. | cent | N/10 acid cent per cent cent Iodine Refractive ert 
per gram cent number Index Meissl 
of chocolate (Hanus) at 40°C. No. 
Ih |) Thee 1.19 29.95 1.17 | 48.31 | 7.28 | 35.60 1.4566 | 6.2 
2 | 1.85 1.82 28.69 1.36 | 45.81 | 7.75 | 31.41 1.4567 | 5.9 
3) | wle7Al 2.09 32.13 1.19 | 43.09 | 3.57 | 33.86 1.4567 5.0 
4 | 1.67 1.93 28.77 1.11 | 49.45 | 2.25 | 33.35 1.4569 See 
By |) sae} 1.58 28.85 1.17 | 49.65 | 6.87 | 34.42 1.4562 | 5.6 
6 | 1.79 2.10 33.23 1.42 | 39.45] 6.24] 35.36 1.4566 | 4.1 
|| 2.49 26.84 1.44 | 44.26] 8.46] 35.16 174576 | 3.7 
8 | 1.66 1.89 33.31 1.20 | 42.45] 7.389 | 34.08 1.4569 |. 3.7 
9 | 1.60 1.92 32.67 1.29 | 42.64] 7.81 | 33.80 174562) 5.1 
10 | 2.25 157 30.63 1.55 | 39.49] 8.17 | 35.30 1.4563 | 5.8 
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TABLE 91. 


Composition of Miscellaneous Milk Foods. 


Per Cents 


Cold Starch, 
Malts Moisture} Fat Proteids | Ash Water etc., by 
Extract | Difference 


Malted milk .,,.| 3.98 7.70 14.88 3.12 
Malted milk ,...| 2.98 8.08 15.18 3.34 
Malted milk ....| 3.55 8.36 15.64 3.52 
Malted milk ....| 2.68 8.17 14.52 3.34 
Malted milk ....| 2.90 7.77 14.96 2.92 75.10 
Malted milk ....} 2.50 8.37 14.57 3.48 
Peptogenic milk 

DPOWwdersse near 0.65 Trace 0.81 leila 89.93 7.50 
Peptogenic milk 

WOKE oescar 0.80 |Trace 0.52 1.10 89.76 7.82 
Allenbury’s Milk 

Food No. 2....| 3.92 15.00 9.19 2.60 
Allenbury’s Milk 

Hood Nomen |meo.lO 16.27 9.56 2.87 67.45 0.75 
Allenbury’s Milk 

Food No. 2: ...| 3.37 16.03 10.04 2.61 
Allenbury’s Milk 

Food No. 2.,..) 4.55. 15.07 9.30 3.04 69.55 
Allenbury’s Milk 

Food No. 1....| 2.72 17.80 10.13 3.45 66.50 
Wampole’s Milk 

Ol BC onsodaool) Hee 7.87 12.73 2.22 76.55 


Two general methods of standardizing milk chocolate are pos- 
sible. First, mixing the milk products and the sugar in the proper 
proportions in the hot well before condensing in the vacuum pan. 
This mixture is condensed as low as possible in the vacuum pan, 
and finally reduced to the desired consistency in another opera- 
tion. In turn this dried mixture of butterfat, milk solids not fat 
and sugar is mixed and ground with unsweetened chocolate. 
Maintaining a uniform balance between the various ingredients 
that compose the finished milk chocolate will do much to insure 
a uniform product. 
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Second. The milk products and the sugar are condensed in 
the vacuum pan to the desired consistency and this condensed 
product is in turn mixed with the cocoa liquor, in the desired 
proportions, and the mixture further reduced to the desired con- 
sistency. 

Table 91 gives the composition of various other milk foods, 
as reported by McGill.t 


1McGill, A. Infants’ and Invalids’ Foods. Inland Revenue Dept., Ot- 
tawa, Canada. Bul. 278, 1914. 


CHAPTER XV 


THE OVERRUN IN ICE CREAM 


GENERAL FACTS REGARDING OVERRUN. 


In the process of freezing ice cream mix the volume is increased 
by the expansion of both the solid and lquid constituents com- 
prising the mix, and by the incorporation of innumerable small 
air bubbles. One of the best theories offered as the cause for this 
increase in the volume of the ice cream mix is that the walls 
enclosing the air cells become frozen, and thus prevent the escape 
of the air in the cells, so long as the ice cream is kept sufficiently 
cold. When the ice cream is drawn from the freezer it is in a 
plastic condition, and unless hardened soon after drawing the air 
will gradually escape, as the cell walls are not sufficiently rigid to 
retain the enclosed air. 

This important subject has received the attention of many 
investigators, among whom may be especially mentioned Wash- 
burn,’ Baer,” and Mortensen.® 

The true percentage of overrun is calculated by the following 
formula: 

Percentage overrun = 

Weight unit volume mix—weight unit volume ice cream 
Weight unit volume of ice er ry 
ght unit volume of ice cream 

Example in calculating overrun. Ice cream mix weighs 9.10 
pounds per U. S. gallon. The ice cream made from this mix 


weighs 4.55 pounds per U.S. gallon. What is the percentage of 
overrun ? 


Percentage overrun = Gael 100 = 100 per cent overrun. 

There is no factor in the manufacture of ice cream that fluctu- 
ates more than the percentage of overrun; therefore, its control is 
of very great importance. Insufficient overrun greatly increases 
the cost of the ice cream, and yields a product that is immediately 
detected by its heavy and soggy appearance and, to some users by 
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its unpalatable taste. Too high an overrun produces a fluffy prod- 
uct with a flat taste, that stands up poorly in the cabinet of the 
dealer, thereby causing many complaints. 

The aim should be for the manufacturer to adopt a standard 
percentage of overrun, unless this is already done by law, and then 
to control the manufacture of his product, so that this standard 
can be maintained at all times. 

DIFFERENT PHASES IN THE NORMAL FREEZING AND 

HARDENING OF ICE CREAM. 

The normal freezing and hardening period divides itself into 
four separate and clearly defined phases, as shown in the chart 
under Fig. 93. The values given upon the chart were obtained 
from careful experiments made in the plant of the Goodman- 
American Ice Cream Co., Chicago, Illinois, and the same are being 
published through their courtesy. 

The percentage of overrun and the temperature of the ice 
cream were determined at the end of minute periods, beginning 
immediately after the freezing of the mix was started, and con- 
tinuing until the batch was drawn from the freezer. The temper- 
ature of the ice cream was determined at larger intervals as in- 
dicated. 

The mix was one testing 18.00 per cent of fat, and 38.00 per 
cent of total solids. 
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Fig. 93. The Four Phases in the Normal Freezing of Ice Cream. 
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er (1). The specific heat phase, during which the specific heat is 
removed from the mix, and the temperature is lowered to the 
freezing point. This phase begins the instant the mix is drawn 
into the freezer, and ends the instant that the specific heat has 
been all absorbed, and just before the latent heat begins to be 
absorbed. The increase in the overrun during this phase is quite 
appreciable. During this phase the heat to be removed from a 
mix containing 8.00 per cent fat, 34.00 per cent T. S. and 66.00 
per cent water, the initial temperature of which upon entering the 
freezer is 40° F., and which has a freezing point of 28° F., is about 
as follows, calculated upon the basis of 100 pounds of the mix: 

40 — 28 = 12, or the number of F.. degrees that the mix is to be 
lowered. (12 X 100) X .900 = 1080, or number B. T. U. required 
to reduce the mix to freezing temperatures. 

(Note: By specific heat is meant the amount of heat required 
to raise or lower one pound of the mix 1° F. or the equivalent of 
one British thermal unit: —18B.T. U.) The above calculation 
is obviously only an approximation, since the specific heat is cal- 
culated upon that of water at 15° C., as shown by the researches 
of Bartoli and Stracciati. The specific heat of water varies at dif- 
ferent temperatures, being 1.000 at 15° C. and 1.00664 at 0° C. 
The specific heats of milk and other products entering into the 
composition of ice cream mix are considerably different than that 
of water, and like water the same vary with the temperature. 
Hammer and Johnson* report extensive investigation relating 
to the specific heat of milk and other dairy products. The average 
specific heat of milk testing 3.50 per cent fat between 0° and 15° 
C. is reported as being 0.939 and of 15.00 per cent cream 0.837. 
The specific heats of ice cream mix of various composition, cal- 
culated from the values reported by Hammer and Johnson, are 
given in Table 44, Chapter XIII. For a mix of the above composi- 
tion it is .900. 

(2). The latent heat phase. 

This phase begins the instant that the latent heat begins to be 
absorbed and-ends the instant that the latent heat is all absorbed, 
and just before ice crystals begin to form. During this phase the 
temperature remains practically constant. The viscosity and the 
overrun both increase rapidly during this phase. It may be com- 
pleted while the ice cream is still in the freezer or whenever the 
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freezing operation is continued long enough to remove all the 
latent heat. When the freezing operation is stopped before the 
latent heat is all removed, then it is completed after the ice cream 
is drawn from the freezer, and after the ice cream has stood in the 
hardening room for the time necessary to complete the removal 
of the latent heat. The best practice is to complete this phase in 
the hardening room. As soon as it is passed the ice cream passes 
from a highly viscous or plastic condition to a brittle condition, 
due to the freezing of the walls encasing the air. If it is passed 
while the ice cream is in the freezer, there is danger of losing part 
of the overrun. The ice cream should be drawn from the freezer 
near the end of this phase, or as soon as the desired viscosity and 
overrun have been obtained, inside of it. 


During this phase, as pointed out by Cutler® the number of 
heat units removed is governed to quite an extent by the compo- 
sition of the mix, this being due to the latent heat that is derived 
from the water content only of the mix. In the case of a mix of 
the composition just named, the latent heat removed would be as 
follows: 

100 — 34.00 = 66.00, or per cent water in mix. 

100 & .66 = 66, or pounds water in 100 pounds of mix. 

144 = B. T. U. required to convert one pound of water into one 
pound of ice or vice versa, at 32° F., or the latent 
heat of ice. . 

66 & 144 = 9504, or B. T. U. required to remove the latent heat 
from 100 pounds ice cream mix of above composi- 
tion. 

Each one per cent increase or decrease in T. S. would increase 
or decrease the above numbers to the extent of 144 B. T. U. upon 
every 100 pounds of the mix. 

(3). The critical point phase. 

This phase begins the instant that all the latent heat has been 
extracted, and ice crystals begin to form. The ice cream should 
be drawn when the proper viscosity and overrun have been 
obtained just before reaching this phase. Under good practice 
this phase should begin after the ice cream has been drawn into 
the cans, and placed in the hardening room. If passed while the 
ice cream remains in the freezer, the danger of losing overrun 
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becomes very large. The temperature will remain nearly constant 
during this phase. 

_ (4). The hardening phase. This phase begins when the criti- 
cal point phase has been passed. The ice cream during this entire 
phase should be kept in the hardening room at a sufficiently low 
temperature to cause the crystallization of the ice crystals in a 
minimum of time. If too much time is consumed in passing 
through this phase, loss of overrun may result as the cell walls 
may not be sufficiently hard to prevent the escape of the air, and 
in addition the ice cream will become coarse and grainy. 

The temperature will remain nearly constant for several min- 
utes, and then it will gradually fall until it reaches equilibrium at 
a point near the temperature of the hardening room. The heat 
absorption during this phase is in about the same proportion to 
the number of decreased degrees, as in the specific heat phase. 
The ice cream should remain at the low temperature acquired in 
this phase, until consumed. 


PROPER OVERRUN. 


It has been proved by experience that ice cream of proper 
composition, containing 95 to 100 per cent overrun, makes a most 
satisfactory product. This does not mean where the general aver- 
age is as above, but with some of the freezers being drawn at 60 
per cent and others at 140 per cent. The overrun upon each single 
freezer should be controlled, and every freezer drawn when the 
overrun reaches the standard set. The overrun for ice cream con- 
taining crushed fruits is usually set at about 10 per cent under the 
standard for the plain varieties. Some manufacturers prefer an 
overrun standard of as low as 70 per cent, and again others desire 
as much as 110 per cent. This is a matter to be decided by local 
_ conditions, trade requirements, and quality of product desired. 

The overrun in ice cream is influenced by a number of factors. 
The principal of these will be discussed in turn, indicating as far 
as possible under each factor the conditions required for obtain- 
ing the best results. 


(1). The Composition of the Mix. 
The influence of the composition of the mix is a most important 
one as affecting overrun, both in producing and in retaining the 
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overrun after it has been obtained. A high overrun can be ob- 
tained from a mix without fat, or from one low in T. S., but in 
order to produce a product that is smooth to the taste, and one 
that will retain its overrun and give satisfaction, a fair amount of 
both fat and T. S. must be used. 


A careful experiment was made to determine the influence of 
composition upon the freeezing of ice cream. All conditions were 
the same except the composition of the mix. Several freezings 
were made from each lot of mix. The average results obtained 
are given upon the graph in Fig. 94. 
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Fig. 94. Influence of Composition Upon the Freezing of Ice Cream. 
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As indicated by the results upon the above graph, mix high in 
milk solids not fat and comparatively low in fat, acquired overrun 
much more rapidly than in the reverse case. The overrun is best 
controlled and the finished product is the most satisfactory if the 
fat is maintained between 8 and 18 per cent and the total solids 
are maintained between 33.00 and 40.00 per cent. The extremes 
would apply only to exceptional products. Of great importance in 
its influence upon overrun is the proportions of the various consti- 
tuents that make up the total solids. Probably of first importance 
is the amount of milk solids not fat, and more especially the 
amount of casein and albumen that constitute part of the milk 
solids not fat. 


The maximum allowable percentage of milk solids not fat is 
limited to the quantity that may cause sandy ice cream, as de- 
scribed under Chapter XIII. Less than nine per cent of milk 
solids not fat will make it very difficult, if not impossible, to obtain 
any overrun that may be desired in excess of 75 to 80 per cent. A 
milk solid not fat content ranging from 9 to 12.50 per cent will 
help greatly in making it possible to obtain up to 100 per cent 
overrun with comparative ease. With an ample supply of milk 
solids not fat, there is no difficulty in obtaining the desired over- 
run, regardless of what the fat content may be. The fat is, of 
course, of great importance as affecting other qualities and prop- 
erties of the ice cream. 


From 13.00 to 14.00 per cent of sugar is universally recognized 
as the most satisfactory. When less than 13.00 per cent sucrose, 
or its equivalent in sweetening power, is used, the finished product 
is not sufficiently sweet, and using over 14.00 per cent increases 
the freezing point and makes it much more difficult both to obtain 
and to retain the overrun. 


The extent to which the sugar content influences the overrun 
is indicated under Fig. 95, which is reproduced by courtesy 
of the Telling Belle Vernon Co. 


As the results upon the chart indicate, the ability to produce 
overrun in the ice cream when freshly prepared decreased with an 
increase in the sugar content. 
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Fig. 95. Influence of the Sugar Content of the Mix Upon the Production of 
Overrun in Ice Cream. By W. O. Frohring. 

Reproduced by Courtesy Telling Belle Vernon Co. 


(2). The Aging of the Mix. 


The practice of aging the mix by holding it in storage tanks at 
a temperature of 32 to 40° F. is followed by many manufac- 
turers, but the practice is by no means a universal one. If the mix 
is properly handled, the necessary overrun can be obtained with- 
out aging, although the advantages in favor of aging are sufficient 
to warrant this practice where possible. This has been found in 
some cases to be the only method that would make it possible to 
obtain the overrun desired. Aging increases both the acidity and 
the viscosity of the mix. The acidity is due to the development 
of acid as in the case of the souring of any other dairy product, 
being caused by bacterial growth. 

The increase in acidity is very slight if the aging is done at 40° 
F. or less, and if the mix is not aged in excess of 72 hours. 

The gelatin added to the mix exerts probably more influence 
upon increasing the viscosity in aging than does the acidity devel- 
oped by bacterial growth. As shown in Chapter XIII, gelatin solu- 
tions increase greatly in viscosity upon aging at low temperatures. 
The hydration of gelatin is a slow process, and the increase in 
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viscosity which accompanies hydration is favored by low temper- 
atures, such as are used when aging ice cream mix. 

The low temperatures used in aging ice cream mix no doubt 
cause a certain hardening of the constituents, particularly the fat 
and the protein, and in turn this probably exerts some influence 
upon the viscosity. 

Whatever the cause may be, it remains a well established 
fact that viscosity increases with aging, and that an increase in 
viscosity favors the incorporation of air into ice cream. 

A careful experiment by W. O. Frohring shows the influence of 
aging upon the production of overrun, as illustrated upon the 
graph under Fig. 96. 
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Fig. 96. The Influence of Aging Upon the Production of Overrun in Ice Cream. 
By W. O. Frohring. 
Reproduced by Courtesy Telling Belle Vernon Co. 


"IME IN 


As indicated by the graph, the same mix yielded 100 per cent 
of overrun after 24 minutes in the freezer without aging, and 
after 12 minutes after aging 24 hours. 


The aging operation requires careful watching on account of 
the danger of over-ripening which causes the mix to become sour; 
and to change from a viscous to a lumpy condition, under which it 
becomes difficult to retain air in it, in the freezer. 
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Aging usually causes an increase in the bacteria count. and 
necessitates increased storage capacity. 


(3). The Acidity of the Mix. 


The acidity is an important factor in obtaining the most desir- 
able flavor and texture in the finished product, and in controlling 
the overrun. An acidity of between .20 per cent and .25 per cent 
is considered as giving the best results. The presence of too much 
acid may cause the mix to curdle, particularly where the same is 
pasteurized. 

Acidity as low as .20 per cent cannot as a rule be obtained 
without neutralizing unless the mix is made from the very fresh- 
est materials obtainable and at the same time with a milk solids 
not fat content not to exceed 10 per cent. 

The relations between aging, acidity and viscosity, are closely 
interwoven. Usual methods employed in aging rroluce an in- 
crease of both acidity and viscosity. When the acidity is kept 
within the limits named above, it does not adversely influence the 
overrun. Within practical limits there is no clearly defined re- 
lation between acidity and overrun. The preponderance of evi- 
dence indicates that as a rule, increase of acidity upon a given 
mix, decreases slightly the ability to obtain overrun. 


(4). The Viscosity of the Mix. 


This factor has already been discussed under the aging and 
acidity of the mix, inasmuch as both of the last mentioned factors 
produce viscosity in the mix. Viscosity is sometimes called the 
body or stickiness of a substance. This is a physical property that 
can be measured with great accuracy in ice cream mix by means 
of the viscosimeter described under Chapter XVII. 

The viscosity of ice cream mix is-itself influenced by several 
factors. Any condition that would cause coagulation of the 
casein, or of the albumen, would cause an increase in the viscosity 
of the mix. Such conditions would be the presence of acid due 
either to aging or to the addition of pure lactic buttermilk cul- 
tures or to the addition of sucrate of lime, or the addition of some 
enzymes. Homogenizing under the proper conditions of tempera- 
ture also causes an increase in the viscosity. This factor will be 
further discussed under another heading. The matter of tem- 
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perature is a very important one as affecting viscosity, inasmuch 
as this influences all the products composing the mix. The two 
best illustrations of this are the case of fat which is a liquid at 
the comparatively low temperature of 90° F. and a semi-solid at 
about 60° F., and sugar syrups, whose viscosity increases so rapid- 
ly with lowering temperatures. 

As already pointed out both in this chapter and in Chapter 
XIII, one of the principal factors affecting viscosity is the gelatin 
added to the mix. 

The viscosity and the acidity of ice cream mixes of different 
compositions at different temperatures and at different ages are 
given in Chapter XIII. 


Fig. 97. Gaulin Homogenizer. 
Courtesy Manton-Gaulin Mfg. Co. 


Viscosity in ice cream mix can be readily destroyed by agita- 
tion both at low and at high temperatures. The possibility of de- 
stroying viscosity is especially favored under the violent agitation 
prevailing in an ice cream freezer. This proves the importance of 
reaching the whipping point in the freezer before the viscosity 
of the mix has been reduced. If brine of too high a temperature 
or of insufficient volume is used, the viscosity may become suffi- 
ciently reduced before the whipping point is reached to make it 
impossible to obtain the desired overrun. | 
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(5). Homogenizing the Mix. 

The practice of homogenizing the mix is well nigh universally 
understood by ice cream manufacturers, and the importance of 
this operation is being increasingly appreciated. Machines upon 
the market for performing this operation are known both as 
homogenizers and viscolizers. These are made in such a large 
range of sizes (60 gallons to 800 gallons per hour capacity) as to 
be within the reach of both small and large manufacturers. 


Fig. 98. Progress Homogenizer, 
Courtesy Creamery Package Mfg. Co. 


As the term implies, homogenizing the mix makes a product 
that is uniform throughout its mass, in its physical properties. 
The large fat globules are broken up into smaller ones, and like- 
wise particles of the other constituents are all reduced to small 
dimensions. This result is reflected in the finished product, the 
latter being of smoother texture than where the mix is not homo- 
genized. The three other most important results obtained from 
homogenizing are (1) the ability to produce ice cream of the de- 
sired overrun under nearly all conditions of operation; (2) the 
production of ice cream that retains its overrun better when once 
obtained, and (3) decreased danger of churning the fat in the 
freezers. 

The homogenizer further makes it possible for the manufac- 
turer to use many products that could not be otherwise employed 
for making ice cream. The most important of these are butter 
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and skim-milk powder, which can be reconstituted into milk 
or cream or condensed milk or directly into ice cream mix itself. 


The best temperature at which to homogenize ice cream mix is 
generally accepted as being 140 to 145° F. This is considered 
the best practice from a bacteriological point of view, and also as 
pointed out by Morse*, mix homogenized at this temperature does 
not become pasty, nor does it so easily acquire excessive viscosity. 


Fig. 99. Viscolizer. ‘ 
Courtesy Union Steam Pump Co. 


According to Hanna’, ‘“‘the age, condition and temperature 
of run entirely governs the pressure the machine should be oper- 
ated at.’’ Pressures of 2000 to 3000 pounds give all the viscosity 
usually required, and produce a homogenous product from which 
the fat is not likely to separate under any of the usual methods 
used in freezing ice cream. 


The use of too low temperatures and of too high pressure will 
increase the viscosity too much, and in turn this may result in too 
high overrun. if under the above conditions of operation the mix 
is too low viscosity, it is an indication that the homogenizer 
is functioning improperly, and the same should be immediately 
repaired. The temperature and pressure to use are governed 
largely by result desired. 
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The increase in viscosity is frequently accompanied by a large 
increase in the volume of the mix. This increase may amount to 
as much as 75 per cent of the total overrun desired. This con- 
dition should be carefully taken into consideration, as otherwise 
misleading results will be obtained in the overrun. 


(6). Amount of Mix Drawn into the Freezer. 


The volume of mix drawn into the freezer is governed in x 
large measure by the overrun desired. If 100 per cent overrun is - 
desired, a 40-quart freezer should not receive more than 20 quarts 
of mix. A little less than this amount is better, since space must 
be allowed for the dasher. The same proportion would govern in 
the case of freezers of larger capacity. 

When too much mix is used, it becomes necessary to draw out 
some of the ice cream before the full overrun has been obtained. 
This necessarily causes a product of uneven overrun. 

This factor can be closely controlled by fitting the supply tank 
over each freezer with an overflow pipe so adjusted that a uniform 
volume of mix will be fed into each freezer, or with a batch 
weigher. 


(7). Type of Freezer. 


The design and the mechanical construction of the freezer are 
important factors as affecting overrun. Repeated experiments 
have shown that it is much more difficult to obtain the desired 
overrun with freezers of the vertical type as against those of the 
horizontal type. In some cases it was found to be impossible to 
increase the overrun in certain vertical freezers beyond 70 per 
cent with all other conditions under control. 

The blades of the freezer should be kept sharp and adjusted 
so that they scrape evenly against the side of the freezer. If this 
is neglected a coating forms on the inner wall of the freezer and 
tends to slow down the freezing operation by preventing the heat 
in the mix from passing into the brine. 

Another source of trouble traceable to the freezer is due to the 
slipping of the belt, thus causing improper dasher speed. On 
account of the damp conditions that obtain in the average freezing 
rooms, freezers that are equipped with direct motor drive are 
the most likely to prove satisfactory. 
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(8). Brine Temperature and Brine Pressure. ae 

An important relation exists between the brine pressure and 
the brine temperature. The matter of temperature is more impor- 
tant than that of pressure, the controlling principle being the 
necessity of having a sufficient volume of brine to insure maintain- 
ing the proper temperature inside the freezer. This can be ascer- 
tained by noting the difference in the temperature between the in- 
coming and the out-going brine, which should be about 5° F. 

The brine pressure determines the volume going through the 
freezer. The pressure and the volume are in turn both influenced 
by a number of factors, such as size of the brine pump and of the 
brine pipes; the number of angles in the pipe lines, and the dis- 
tance that the brine has to travel between the brine pump and the 
freezer. Obviously when the above conditions are favorable, the 
brine pressure may be much lower than when the opposite condi- 
tions prevail. 

Washburn! recommends the following relation between 


those two factors: ‘‘For a temperature of 12° F., use a pressure 
of 10 pounds; for 10° F., use 9 pounds, and for 8° F. brine use 
about 7 pounds.’ Upon the other hand, some very successful 


manufacturers, using 8° brine operate under a pressure of 45 
pounds. The important consideration is to,so corelate the brine 
temperatures and brine pressure, so as to obtain the desired over- 
run in the required time, under the varied conditions that prevail 
in ice cream plants. 

When the temperature of the brine is below zero it is difficult 
to get good results. The temperature of the brine should be such 
that when about 100 per cent of overrun has been obtained, with 
the brine turned off, the overrun will decrease rapidly upon turn- 
ing on the brine again. If turning on the brine, after the desired 
overrun is obtained with the brine off, does not reduce the over- 
run, it is an indication of improper brine temperature, or of insuf- 
ficient brine flowing through the freezer. In such a ease it is ad- 
visable to stop the operation of the freezer until the brine temper- 
ature can be reduced to such a point that the freezing can be done 
efficiently and the overrun can be properly controlled. A brine 
temperature of 8 to 12° F. is generally recognized as the 
most desirable brine temperature to use, although the present 
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tendency is to use even lower temperatures than these. Other 
conditions being right, the lower the brine temperature, the 
greater the output that can be obtained from a given number of 
freezers. 


When using brine of too high a temperature, there is great 
danger of churning out the fat in the mix before the whipping 
temperature is reached. This is especially true if the mix is of a 
fairly high temperature when the same is introduced into the 
freezer. Churning may also be caused by insufficient brine, thus 
prolonging too much the time required to reach the whipping 
temperature. 

It is important to equip both the brine inlet and outlet upon 
each freezer with thermometers, in order to observe the temper- 
ature of the incoming and outgoing brine. 

A leaky valve may be the cause of low overrun due to im- 
proper brine circulation. These should, therefore, be in good con- 
dition, so that when they are turned off there will be no leakage 
of brine through the freezer. 

When several freezers are operating in a row, all of which 
receive their brine from a common pipe, it is of great importance 
to so arrange the piping that each freezer in the row will receive 
the same amount of brine. 


(9). The Speed of Freezer; Time Given to Freezing; Temper- 
ture of Incoming Mix and Outgoing Ice Cream. 


All of the above factors are so closely correlated as to merit 
discussion together. 

The proper speed of dasher varies with the size and make of 
the freezer. Experience has proved as a rule that, with the brine 
temperature of about 12° F., the best results are obtained where a 
dasher speed of 200 revolutions per minute is used. The colder 
the brine the faster the dasher should operate, on account of the 
shorter time required for freezing. Therefore, in order to obtain 
the desired overrun, it is necessary to operate the dashers fast 
enough to incorporate in the mix the same volume of air in the 
shorter time that would be incorporated into it in the longer time 
with a lower brine temperature. Washburn states, “‘If 6 minutes 
be required with a dasher speed of 225 turns per minute, this will 
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make a total of 1350 turns, during the given period. Whereas, if 
the brine is too cold, or flows too rapidly, and the freezing period 
is passed through in say 4 minutes, there will necessarily be only 
900 turns during this period, and there will be considerably less 
swell than if the full 1850 turns had been given.”’ 

The time given to the freezing will be governed by the brine 
temperature, the temperature of the incoming mix and the dasher 
speed. 

The correlation of these several factors is indicated in Table 92. 


TABLE 92. 


Correlation Dasher Speed, Temperatures Incoming Brine and Mix, and Time 
Required to Freeze. 


Dasher speed Temperature Temperature Minutes required 
revolutions incoming brine incoming mix to freeze the 
per minute. degrees F. degrees F. batch. 

250 0 | 32 6 
240 6 | 32 8 
230 6 38 10 
230 12 32 12 
225 12 32 12 
200 18 38 18 
165 8 40 12 


a 


The practice of holding the mix at 32 to 35° F. and freez- 
ing in from 6 to 8 minutes usually results in the formation of 
grainy ice cream unless the dasher speed be greatly increased. 
It is generally conceded that the best results are obtained under 
the following conditions: 

Speed of dasher, 225 revolutions per minute. 

Temperature of incoming brine, 8° F. 

Brine pressure, 11 pounds. 

Temperature incoming mix, 32 to 36° F. 

Minutes required to freeze batch, 12 to 15. 

The temperature of the outgoing ice cream, or in other words 
the freezing point of the mix, depends upon its composition and 
especially upon its content of both milk and cane sugar. The 
sugar content exerts the most influence upon the freezing point. 
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A mix with too low a freezing point is not only more difficult 
to freeze, but the danger from subsequent loss of overrun is corre- 
spondingly increased. This is obvious from the fact that the 
lower the freezing point, the more difficult it becomes to maintain 
in the holding cabinets the lower temperatures required to keep 
the product frozen. 


HOW TO RETAIN OVERRUN AFTER THE ICE CREAM LEAVES 
THE FREEZER. 


It is one thing to manufacture ice cream with the desired over- 
run. It is another thing to retain the overrun in the ice cream 
between the time it leaves the freezer until consumed. Com- 
plaints of shrinkage are quite numerous, and causes for such 
shrinkage are not always under proper control. The principal 
factors causing loss in overrun are as follows: 


(1). Improper Composition of Mix. 


The use of too much sugar as already pointed out, lowers the 
freezing point of the mix. On account of the difficulty of main- 
taining abnormally low temperatures in ice cream cabinets, loss 
in overrun results unless the required temperatures can be main- 
tained. Proper control over the composition of the mix will pre- 
vent trouble from the above cause. 


(2). Too High Temperature in Hardening Room. 


The temperature of the ice cream as it leaves the freezer is 
usually from 26 to 28° F. If kept at this temperature longer 
than one or two hours, the air will gradually escape. It is there- 
fore necessary to harden the ice cream immediately, and the tem- 
perature found to be the best to maintain in the hardening room 
is 0° F. It is difficult to control properly with one compressor, 
the above low temperature for the hardening room, and the 
higher temperature of about 12° F. required in the brine at the 
freezers. Where ammonia compressors are used, with the ammonia 
entering the compressor at 0° F. the low pressure gauge will 
register about 16 pounds. This is the condition required for the 
most satisfactory work at the freezers while for hardening room 
work the incoming ammonia temperature should be about — 20° 
F. which will make a gauge pressure of about 4 pounds per square 
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inch. For these reasons the most satisfactory results are obtained 
where this may be possible by using a separate compressor for 
each operation. 


Hall’ recommends the use of one hardening room of about 
—15° F. which is to be used for hardening the ice cream im- 
mediately after it leaves the freezers. After the ice cream has 
hardened, he recommends transfering it into the regular harden- 
ing room with temperature around 5° F. Under this condition of 
handling, the ice cream will have smaller water crystals, and 
therefore it will be smoother to the taste. 


(3). Drawing the Ice Cream From the Freezer While Too 
Soft or at Too High a Temperature. 


If the overrun is obtained too early during the freezing 
period, the viscosity is not sufficient, or in other words the walls 
of the cells are not strong enough to retain the enclosed air. 
Such ice cream is also almost certain to melt slightly against the 
side of the cans and later on when hardening, the melted portion 
will form coarse ice crystals. Under a condition of this kind 
even if the hardening room has the proper temperature, loss of 
overrun is very likely to result. The shrinkage is likely to be 
greater if air hardened, than if hardened in brine, owing to the 
quicker cooling by the latter method. : 


The following experiment was made by W. O. Frohring of the 
Telling Belle Vernon Co., and the results are reported with their 
permission. 


‘Out of the same freezer, one can was drawn in the early part 
of the freezing period with the overrun at 70 per cent. Another 
can was drawn near the end of the freezing period with an over- 
run of 120 per cent when the temperature had about reached 
the critical point. Both cans were placed in the hardening room 
under a temperature of about 0° F. The following morning the 
ean with 70 per cent overrun had suffered great loss in overrun 
while that with 120 per cent overrun, had suffered no loss in 
overrun and the same was normal in all respects.’’ 


The above trouble can be entirely prevented by continuing the 


freezing operation until an overrun is obtained slightly in excess 
of the standard desired, and then by momentarily turning on the 
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brine again, beat back the overrun to the point desired. Or it 
can be avoided by closely controlling all factors involved, and 
drawing the ice cream as soon as the desired overrun is obtained. 
This is the better method. 


Washburn further points to the importance of precooling the 
empty cans before running the ice cream into the same. 


(4). Too High Overrun. 


The presence of too much overrun is frequently attributed 
as being the cause of loss of overrun. Overrun in excess of 100 
per cent is seldom if ever desirable, and such excessive overrun 
may be responsible for many ice cream defects, and should be 
guarded against. No doubt the presence of too much overrun 
ean aggravate shrinkage troubles, but it is not necessarily in 
itself the cause of such troubles. 


(5). The Relation of Gelatin to Overrun. 


The value of gelatin in helping to obtain overrun in ice cream 
is practically universally recognized. Its value in helping to re- 
tain the overrun has not been so clearly demonstrated. The 
quantities of gelatin ordinarily used, are too limited to exert any 
appreciable effect upon the ability of the ice cream to stand up 
after freezing. 

The two principal physical properties of ice cream are its 
body and its texture. By body is meant the viscosity—that is, 
if the product is soft, mellow or hard. By texture is meant the 
smoothness to the taste of the ice cream. The body is influenced 
largely by temperature, composition, and the processes of manu- 
facture used. The favorable influence of gelatin upon the texture 
of ice cream is now universally conceded. This influence be- 
comes more marked after the ice cream has passed 24 to 48 hours 
of age. This subject is further discussed in Chapter XIII. 


Most of the above factors can be kept under the control of the 
manufacturer provided the plant is equipped with the neces- 
sary apparatus for making the tests required. However, condi- 
tions sometimes arise under which it is impossible to obtain the 
desired overrun. The cause for such conditions requires close 


investigation. 
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THE MOJONNIER ICE CREAM OVERRUN TESTER. 


The fundamental principles that control the percentage of 
overrun in ice cream are not always well understood by those 
in charge of the ice cream freezers. In fact, it is only in very 
recent years that problems connected with the process of con- 
trolling the percentage of overrun have received serious atten- 
tion. Furthermore the use of modern machinery, a variety of 
new raw materials, with new methods of manufacture have in- 
troduced new factors, affecting overrun, not previously encount- 
ered. 


To J. J. Mojonnier belongs the credit for the invention of the 
Mojonnier Ice Cream Overrun Tester illustrated under Fig. 
100. Patents both pending and obtained in his name cover both 
the process used, and the mechanical devices for applying the 
process. The test is based upon the difference in weight between 
equal volumes of ice cream mix and the frozen product. 


The great advantage in the use of the Mojonnier Overrun 
Tester is that it enables the ice cream maker to make a nearly 
instantaneous test for the percentage of overrun, at any time 
during the freezing operation. This enables the operator to 
change the freezing process so that as a rule any desired per- 
centage of overrun may be finally and readily obtained. 


The Mojonnier Ice Cream Overrun Tester has been proved to 
be absolutely accurate both in principle and in practice. A single 
test for overrun can be made in about five seconds, and the num- 
ber of tests that can be made is limited only by this time require- 
ment. It is easy and convenient to operate and can be applied by 
any one who can read figures. No chemicals or glassware are 
needed in making the tests. 


TWO METHODS FOR APPLYING THE MOJONNIER ICE CREAM 
OVERRUN TESTER. 


First Method: In plants operating less than four, or mul- 
tiples of four freezers, the tests for overrun are made to the best 
advantage by the freezer operator. It is recommended that the 
Mojonnier Overrun Tester be located between the freezers as in- 
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dicated in Fig. 100. It is designed to be used from both sides. 

Under this arrangement the freezer operator can make the 
tests and control the overrun upon four freezers, which works out 
very well in practice. 


Second Method: In plants operating more than eight freezers 
a special operator, usually a bright girl can be employed to make 
overrun tests only, using one operator for each lot of six freezers. 
The Tester operator instructs the helper to draw off the ice cream 
after the desired overrun has been obtained. This method gives 
good results in large plants. 


Fig. 100. Suggested Location of Mojonnier Overrun Testers in the 
Freezer Room, 


DIRECTIONS FOR SETTING UP THE MOJONNIER OVERRUN 
TESTER. 


It is very important for intending operators to read these 
directions carefully before attempting to set up and operate the 
Mojonnier Overrun Tester. The directions should be kept con- 
veniently at hand and be referred to from time to time, even 
though the user is quite familiar with the operation and care of 
the machine. After the Tester is properly installed and adjusted, 
the operation of the same is very simple. 
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Uncrating. When uncrating the tester use extra precaution 
so as not to injure the delicate working parts of the scale, or the 
white finish. 

Accessories: Packed in the case accompanying the Overrun 
Tester the following accessories should be found. 


Quantity 
Aluminum serew base cups with hollow counterpoised handles 2 
Broad ‘nickel-plated scraper knives... 2.5 uncer se te re 2 
100% -Counterpoise (228 aie ie. 3c eiere od otra cee eee eee uf 
0%," -Gounterpoise: ios cr: okie 6 eee ee bi 
Spouted ‘dipper for-pouring me mix i..~ 24000. ase ee a 
Key for locking door to pedestal cabinet..................... a 
Small bottle of shot for counterpoising cups.................. 1 
6 Ft. Electric light extension cord plug and socket........... 1 
110 volt electric light bulbs for lighting scale dial inside of 
eabinety Sui. we she bare Getatewe soaoh cl etree he eave ee 2 
Bottle ‘of refined: dash pot: oil\.265 a seme ee 1 
Small metal trough for pouring oil into the dash pot........... al 
Pad:.of ‘freezer room) reporters a, sos ae cee ee a 
Clip, for holding freezer room: Leportsia:...c22s os) ae . nee 1 
Binder for freezer ‘room: réports,. 2... s5.uee ae 1) 1 ee 1 


Leveling and Fastening in Position. Leyel the base or. pedes- 
tal carefully as follows: 

Place the slotted base of the empty overrun cup over the metal 
cleat on the horizontal surface just above the pedestal cabinet. 
Fill the cup to overflowing with water. Scrape off the water 
with a scraper knife to an even level, and use the filled cup as 
a level to accurately level the pedestal base on the floor. This 
will insure absolute accuracy when the cup is adjusted for the 
mix. When the pedestal is leveled, fasten with lag screws or 
bolts to the floor, using the same method as is used in fastening 
the base of freezers to the floor. 


Adjusting the Scale. Unscrew the oblong plate upon the side 
of the scale cabinet which will allow access to the scale, electric 
light sockets and the scale level. The scale beam is held rigid 
for shipping with a U-shaped wire encircling it about in the 
center, and a rod to the right of the beam. Pull both of these out. 
See Fig. 101. 
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Level the scale as shown in Fig. 102 by turning the adjusting 
screw in the rear of the Overrun Tester. This can be done by 
watching the level in the base of the scale itself. 


Pig. 102. Leveling Scale, 


Fig, 101. Removing Wire Fig. 103. Filling Dash Pot With O 


and Rod from Scale Beam. 
This allows the scale beam 
to move freely. 


Filling and Adjusting the Dash Pot. 


Remove the screws holding the rectangular glass plate upon 
the scale, permitting access to the scale dash pot. Unscrew the 
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dash pot cap and fill the pot with oil by means of small metal 
trough furnished. See Fig. 103. Pour oil in the dash pot to the 
BASE LINE shown in Fig. 104 or about two-thirds full. When 


Fig. 104. Dash Pot in Cross 
Section, 


replacing cap, be careful to avoid cross- 
ing the threads. The dash pot construc- 
tion makes the scale very sensitive and 
eliminates excessive vibration of dial 


indicator. 


Note: Use in dash pot only such oil 
as is furnished by the manufacturers as 
this is a high grade refined oil, and is 
of the proper consistency for this work. 
A—Clevis pin. B—Vibration regulat- 
ing serew. C—Dash pot cap. D— 
Dash pot plunger. E—Plunger cap. 


Regulating Vibration of Dial Indi- 
cator. 


Place the empty overrun cup on 
horse shoe shaped, suspended weighing 
frame. Place 100 per cent weight on 
form immediately above the cup. The 
indicator should point to 100 per cent 
on dial. If indicator points to 96, un- 
serew the cap in the cup handle and 
take out shot until the indicator points 
to 100. If over 100 add necessary shot. 


Take off 100 per cent weight and put on 0 per cent weight, 


and proceed in the same manner. 


If the pointer moves too freely or too slowly, or ‘‘jiggles’’, 


turn the thumb screw B shown in Fig. 104 either to the right or 


to the left, which adjusts the two discs on the dash pot plunger. 


By means of this vibration regulating screw, the pointer can be 
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regulated to a nicety, so that 
it will go to its maximum 
point quickly, and remain 
there with practically no vi- 
bration. See Fig. 105. Be 
sure however, not to get the 
vibration screw too tight, as 
the action of the plunger may 
thus be retarded and result in 
incorrect readings. 


When it becomes impos- 
sible to regulate the vibration 
in the manner described 

above, it indicates that it is 
Fig. 105. Adjusting Movement of 
Pointer By Means of Screw B. necessary to refill the dash 
pot with oil. When properly 
adjusted the scale is sensitive to one gram, or about one-twenty- 
eighth of an ounce. Unnecessary changing or regulating of 
the scale parts should be avoided. Should there be any trouble 
in carrying out the above instructions the manufacturers should 
be notified so that further instructions can be furnished. 


When the adjustments are completed replace the glass plate 
on the scale, and the oblong metal plate on the scale cabinet. The 
Mojonnier Overrun Tester is then ready to operate. 


Adjusting Pointer of Automatic Scale. 

In shipping, the adjustment of the automatic scale is some- 
times jarred loose, and the pointer then registers inaccurately. 
If the scale is made to register correctly with the 0 per cent 
weight in place, and then the 100 per cent weight is substituted, 
the pointer sometimes indicates either more or less than 100 per 
cent. 

To make the necessary adjustment, first place the cup and the 
0 per cent weight on the hanger, and add to, or take lead from 
‘CG’? until the pointer registers exactly 0 per cent. Next, substi- 
tute the 100 per cent weight for the 0 per cent weight, and note 
exactly what is registered on the dial. 
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Remove plate ‘‘A’’ and take out the screw in the end of pen- 
dulum ‘‘B’’. Attached to the screw will be found lead weights. 
If less than 100 per cent is registered on the dial, remove about 
1 gram of lead for each point short. If more than 100 per cent 
add about .1 gram for each point over, and replace the screw in 
the pendulum. Put on the 0 per cent weight and add to, or 
remove lead from ‘‘C’’ until the pointer registers 0 per cent 
again. When the 100 per cent weight 
is again substituted, the pointer 
should indicate 100 per cent. [If still 
slightly over or under, the 
adjustment should be _ re- 
peated, taking off or adding 
a very small quantity of lead. 


The Overrun Cup. 


The Overrun Cup is fitted 
with a telescopic bottom, and 
Fig. 106. Phantom View of Scale Show- it should be adjusted for 

ing Where to Make Pointer Adjust- every batch, except in ice 

ments. 

cream plants that carefully 
standardize the percentage of fat and total solids, in the 
mix. In such instances, after the cup has been once adjusted, 
it will require very little, if any adjusting thereafter. For in- 
stance, if the mix is standardized to 8 per cent fat and 34 per cent 
total solids, and kept at this standard by careful testing, no 
further adjustments of the overrun cup need be made thereafter. 
In all plants where the mix is standardized an overrun cup can 
be used, the body of which is made in one piece. In plants where 
more than one quality of ice cream mixes are made and standard- 
ized, overrun cups with solid bodies can be supplied for each 
quality of mix. This will simplify the problem, and help to pre- 
vent errors. Reference to Table 44, Chapter XIII, will show 
that at equal temperatures the weight of unit volumes of 
ice cream mix of comparatively wide differences in composition, 
varies relatively but little. Ice cream mix testing 8.00 per cent 
fat and 33.00 per cent total solids, at 40° F. weighs 9.19 pounds 
per U.S. gallon. Ice cream mix testing 18.00 per cent and 40.00 
per cent total solids at 40° F. weighs 9.04 pounds per gallon. The 
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difference is only .15 pounds per gallon or a possible error of 1.66 


per cent upon the frozen ice 


cream. 


Daily Care to Give to Overrun Tester. 


Hach day before freezing 


the overrun cup should be checked 


against the 0 per cent counterpoise and the 100 per cent counter- 


Fig. 107. Adjusting the Overrun 

Cup for any Composition of Mix. 

Remove the Cup of Mix from the 

Scale, and Place the Slotted Base 

on the Metal Cleat Under Weigh- 
ing Frame, 


poise to insure accuracy of test. 
The hollow handled construction of 
the cup will permit adding to or 
taking from the cup, the shot used 
in counterpoising. After the freez- 
ing is finished it is absolutely neces- 
sary that the overrun cups have the 
following attention every night: 


(1). Clean and dry the cups 
thoroughly. 


(2). Remove the telescopic 
base where this type of overrun cup 
is used and thoroughly smear all 
threads and screw connections with ° 
vaseline or oil. 


Unless the above rules are care- 
fully observed the screw base of 
the cup will become corroded and 
may ‘‘stick,’’ making it very diffi- 
cult to adjust. 


Adjusting the Overrun Cup 
Against the Mix. 


Carefully study and carry out 
this operation. The overrun cup is 
first balanced against the 0 per cent 
weight. The telescopic base of the 
overrun cup is unscrewed as far as 


is necessary to hold 500 grams of the mix. This will amount to a 
little more than one pint. Place the empty overrun cup in the 
suspended cup holder. Fill the dipper with the finished mix from 
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the aging tank and pour the mix into the cup until the dial in- 
dicator points to 0 per cent. See Fig. 107. The mix at this time 
should contain all of the ingredients that enter into the frozen 
product. As already pointed out, there is always a possibility of 
a certain amount of air becoming incorporated with the mix 
during the process of homogenizing. It is of the utmost im- 
portance when adjusting the overrun cup, to make the adjust- 
ment upon the basis of a mix that is free from air. 


Fig. 108. Emptying Overrun Cup Fig. 109. Adjusting Telescopic Bot- 
Into Freezer Hopper. tom Upon Overrun Cup. 


Where to Get the Sample of Mix for Adjusting the Overrun 
cup. 


It is of great importance to obtain the sample of mix from the 
holding tank, before any air has been incorporated into the mix. 
If the sample should be obtained after air has been whipped into 
it, and the overrun cup adjusted upon the basis of such a sample, 
the overrun consequently obtained will not represent the true 
overrun, and there may be great danger under such a condition 
of producing ice cream with excessive overrun. 
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Adjust the telescopic base by turning the cup around so that 
the top of the mix comes exactly even with the top of the cup. 


Carefully lock the base of the cup tight by means of the knurled 
locking ring. 


Empty the mix back into the hopper over the freezer, see 
Fig. 108. and rinse out the cup in a pail or five gallon can of 
tepid water, making ready for the overrun determination. 


There is now a fixed relation between the capacity, and the 
weight of the cup, and the markings on the scale dial. The dial 
will indicate the percentage of overrun nearly instantaneously 
when the cup, filled with ice cream, is placed upon the suspended 

weighing frame. 


Finding the Exact Per 
Cent of Overrun. 


Draw a heaping cup of 
the frozen ice cream from the 
freezer, using the broad 
plated knife scrape off the 
excess to an even level with 
the top of the cup. See Figs. 
110 and 111. Place the cup 
in the suspended eup holder. 
The dial indicator will im- 
mediately show the percent- 
age of overrun. If it points 
to 60, it indicates 60 per cent 
of overrun. If to 90, it in- 
dicates 90 per cent overrun, 
etc. Two operators may use 
the same Overrun Tester at 
the same time if desired, one 
operating from either side. 
Repeated use of the Over- 
run Tester will enable the 
operator to handle the work 
with dexterity and speed. 


Fig. 110. Filling Overrun Cup With Ice 
Cream at the Freezer. 
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Fig, 211. Scraping Overrun 
Cup Level Full of Ice Cream. 


Fig. 112. Making Reading for 
Overrun. 


HOW TO STANDARDIZE THE OVERRUN. 


In standardizing the overrun, the Mojonnier Overrun Tester 
should be used on every freezer of ice cream drawn. As it takes 
only five seconds to make the test there is no good reason why 
this important part of the work should be omitted. 


First operation: When starting to freeze a new batch, see 
that the overrun cup is adjusted as described on page 470. 


Second operation: Draw not more than five gallons of mix 
into the hopper above the freezer when using a ten gallon freezer. 
If larger freezers are used, draw a volume into the hopper equal, 
but not to exceed, one-half the rated capacity of the freezer. 


STANDARDIZING THE OVERRUN 479 


Third operation: Run the mix into the freezers as usual, fill- 
ing all freezers while they are running. 

Fourth operation: Turn on the brine and continue whipping. 

Fifth operation: Watch the ice cream through the freezer 
peep hole in front of the freezer during the time of freezing and 
whipping, and as soon as it becomes sufficiently viscous, make a 
test for the overrun. This will be when the overrun is between 
60 to 80 per cent. 


dom x, v.20 
FREEZING ROOM REPORT 


Plaot_ a ee ee BS Ee ey) ee ae ee 


Test made by____ : Se Fe Batch No._____ 


Fig. 113. Blank for Recording Overrun Readings. 


Sixth operation: If aiming for 100 per cent overrun and the 
test shows between 95 and 100 per cent, turn off the brine and 
draw the freezer. Where the overrun is more than 110 per cent, 
the product is usually unsatisfactory, and the overrun should be 
brought back to the point desired, by momentarily turning on the 
brine. If the test shows less than 95 per cent turn off the brine 
and continue whipping until the desired percentage of overrun 
is obtained. The frozen ice cream should be sufficiently viscous 
to retain all of its overrun during the hardening process. 

Seventh operation: At this point draw the ice cream into 
the cans, and record the percentage of overrun in the proper 
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column of the freezing room record sheet, illustrated under 
Fig 113. 

Ice cream of ideal texture will have the appearance of taffy 
when it is frozen, and ready to be drawn from the freezer. If of 
the proper texture it will stand considerable handling, without 
suffering any bad effects. 

The ice cream should be drawn from the freezer as rapidly 
as possible, inasmuch as the overrun keeps changing upon the 
part that remains in the freezer while the balance is being drawn 
out. The change may occur in both directions. If the critical 
phase has not been reached, the overrun will increase, making the 
last portion of higher overrun than the first portion. If the criti- 
eal phase has been passed, the overrun will decrease, making the 
last portion of lower overrun than the first portion. If the ice 
cream is drawn rapidly the danger from these fluctuations can be 
greatly reduced. Proper manipulation of the brine valve may 
frequently assist in preventing the above changes. 

It is important to draw off the ice cream as rapidly as possible 
when the proper overrun is reached, so that the overrun does not 
increase during the time of drawing off. A helper may be used 
to advantage at this time to bring in empty cans, and take away 
filled cans. 


HOW TO DETERMINE OVERRUN IN ICE GREAM CONTAINING 
CRUSHED FRUITS. 


It is recommended that a different standard be set for ice 
cream containing crushed fruit, than for the plain varieties. For 
example if the standard for plain variety is 100 per cent, a stand- 
ard of 90 per cent in the case of ice cream containing crushed 
fruit will yield a very satisfactory product. 
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CHAPTER XVI 


MICROSCOPICAL AND BACTERIOLOGICAL 
TESTS OF DAIRY PRODUCTS WITH 
DIRECTIONS FOR THE CARE 
AND USE OF CULTURES 


THE USE OF THE MICROSCOPE IN THE DAIRY INDUSTRY. 


The microscope is used to great advantage in dairy control 
work. It is indispensable in identifying bacteria, and it fre. 
quently affords a rapid means of determining the physical con- 
dition of milk substances that would require a large amount of 
time and labor to determine by other methods, or would be al- 
together impossible. The quality of milk is fixed to a large de- 
gree by the number and kind of bacteria that it contains. Also 
the physical condition of some of the constituents of dairy prod- 
ucts influences the process of manufacture, the treatment they 
must receive, and their market value. 

The successful use of the microscope in determining these 
factors does not always require the services of a highly trained 
individual. Any resourceful, intelugent young man or woman 
of limited training can determine the number of bacteria in milk, 
the size of fat globules, and the presence of milk sugar crystals, 
when provided with necessary equipment, some instructions at the 
beginning, and the directions given in this chapter. 

These brief directions should enable any skillful person to 
use the microscope successfully in the simpler operations. If 
the instrument is to be used to a large degree it would be advis- 
able for the operator to obtain special training, and to consult 
books devoted especially to the subject. 

Care: Some knowledge of the microscope on the part of the 
operator is necessary in order to work to advantage, and to keep 
the instrument in good condition. Like all instruments of pre- 
cision, it should be handled with reasonable care, and kept free 
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of dust and all corroding elements, When the instrument is not 
in use it should be kept in a case, and stored in a reasonably dry 
place. If frequent use makes it impractical to return the in- 
strument to its case, a suitable cover should be placed over it 
when not in use to protect it from dust. The frequent removal 
of dust from its polished surfaces is lable to scratch them, and 
if the dust gets into the bearings and close fittings, they will work 
harder and cause unnecessary wear. 
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Fig. 114. Microscope with Names of Various Parts. 
. Courtesy Spencer Lens Company. 


Do not leave the microscope exposed to direct sunlight for 
along time. Avoid rough handling of the instrument and when 


it must be removed, grasp the pillar below the stage. The oculars 
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and objectives should never be allowed to fall. Do not allow 
acids, alkalies, alcohol, turpentine or chloroform to come in con- 
tact with any part of the microscope, as they will dissolve the 
lacquer. For finger marks or material on the surface, that can- 
not be removed with a soft cloth or clean chamois skin, use a 
damp cloth and rub gently. In exceptional cases, it may be 
necessary to apply a little xylol, ether or chloroform to the sub- 
stance, and then rub it off gently so as not to remove the lacquer. 


Stage: This is the part that supports the’ slide while a speci- 
men is under examination. Should the stage become soiled with 
anything which water will not remove, apply a little xylol, or 
chloroform and rub it off with a clean cloth. If the stage turns 
to a dull gray color, it may be restored to its original black by 
rubbing a little of some heavy oil on it. When the black color 
has been restored wipe the stage free from oil. If any substance 
falls on the stage it should be removed immediately. 


Inclination Joint: This joint, which permits the body of the 
microscope to be inclined at any desired angle, sometimes wears 
so loose that it will not support the body properly. The joint 
may be corrected by tightening the nuts on the end of the in- 
clination axis using a heavy screw driver if the nut is slotted, 
or a ‘‘spanner’’ if the nut is provided with two small holes. A 
round nosed pliers may sometimes serve to turn the nut. Do 
not mar the nut with the tools. The axis pin is slightly conical 
on most modern instruments. This makes it possible to tighten 
the joint by turning the nut on the end that will draw the pm 
tighter into its bearing. The nut on the other end may first have 
to be slightly loosened, then tightened after the cone is drawn 
in to give the necessary friction. 


Coarse Adjustment: The bearing of this adjustment should 
work so smoothly that the highest power may be easily focused 
with it. But it should hold the body of the microscope securely 
in place. -If any foreign matter interferes with the working of 
the bearings rub a little xylol or chloroform on them to remove 
it. Oil the bearing with parafin oil or ‘‘watch’’ oil after they are 
thoroughly cleaned. Keep the teeth of the rack free from for- 
eign substance at all times and use judgment in making necessary 


repairs to worn parts. 


484 BACTERIOLOGICAL, TESTS AND CULTURES 


Fine Adjustment: This is much more delicate then the coarse 
adjustment, and of limited range. The micrometer head is lo- 
cated at the top of the arm in one type while in the other there 
are two micrometer heads, one on either side of the arm. 

The micrometer head should turn easily and smoothly, yet fit 
snugly, and hold the body of the microscope at all times from 
slipping down with danger of damaging the objective lens and 
the object. The range of the fine adjustment has been reached 
when no change of focus occurs while the micrometer head is 
being turned. The micrometer head should then be turned in 
the opposite direction until nearly the middle of the range is 
reached. If the thread is turned off its bearing, as may happen 
with some of the older forms of microscopes, take great care to 
start it on correctly, and not cut the thread. If there appears 
to be any unusual friction do not force it. When anything ex- 
ceptional needs repairing it is better to have it done by an ex- 
perienced mechanic, or by the maker, If the fine adjustment is 
not so constructed that it ceases to work when the objective rests 
on the cover glass, great care must be exercised in focusing so 
as not to crush the specimen or damage the lens. 

Draw Tube. This should fit snugly, work easily and smoothly, 
and be kept clean. Always support the body tube, while push- 
ing the draw tube in, and thus avoid pushing the objective into 
the slide. 

Substage: If the threads on the quick acting screw become 
gummed, and make it work hard, clean them with xylol or chloro- 
form until they work easily. Clean the leaves of the iris dia- 
phragm with the same substances if they become dirty or rusty. 
Then oil them and work it over all the parts by opening and clos- 
ing them several times. If the leaves become bent or misplaced 
have them repaired by a skilled mechanic or by the maker. When 
working with the diaphragm nearly closed make certain that no 
particles of dust or lint have collected in the edge of the opening 
and interfere with the light. 

Nosepiece:~ This is the part of the instrument that supports 
the objectives. When the nosepiece supports two or more ob- 
jectives the latter should be parfocal. That is, they should be 
made so that when one objective is in focus, the other also will 
be in fairly good focus if it is swung into the optical axis; and 
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the center of the field of one lens should fall within the field of 
the others. To obtain this result each set of objectives are fitted 
to a particular nose piece, therefore objectives should not be ex- 
changed. If the nosepiece is bent, the lens will be thrown out of 
center. Use care to avoid swinging the lens into the cover glass 
when changing from a lower to a higher power. When removing 
an objective from a nose piece always support it with one hand 
while screwing it off with the other and exercise every necessary 
precaution to prevent its injury. 


The Optical Parts. The best results cannot be obtained with 
dirty lenses. In cleaning them remember that glass surfaces are 
soiled by coming in contact with the fingers. As the glass of 
the lenses is comparatively soft avoid rubbing it hard or using 
anything but soft clean cloth or lens paper in wiping it. Chamois 
skin should never be used for cleaning a lens. Japanese filter 
paper serves best. It is not expensive, and may be obtained from 
any dealer in microscopical supplies. 


Objective. Dust may be removed from the objective with a 
camel hair brush, or by wiping it with lens paper. Breathe on 
clouded lenses before wiping them. Remaining cloudiness may be 
removed by wiping the lens with a corner of a piece of lens paper, 
or cloth that has been dipped in alcohol, then wipe dry. For oily 
substance, dampen the corner of the lens paper or cloth with 
chloroform, benzine, or xylol before wiping the lens, then wipe it 
dry. Clean immersion objectives with lens paper immediately 
after using them. If the immersion oil has dried on, use lens 
paper or cloth dampened with xylol or chloroform, then wipe 
dry. 

Always keep an eyepiece in the tube to prevent dust from 
falling through the tube onto the back lens of the objective. 
Dust may be removed from this lens with a camel hair brush. 
An objective is too delicate and expensive to be repaired by any 
one but an experienced mechanic. If anything serious is the 
matter it should be returned to the maker for repairs. 


Oculars: These are cleaned by wiping in the same manner 
as described for objectives. If a gray film or specks of dust 
deposit on the inner surfaces of the lenses it will be necessary to 
remove the lenses from the tube and wipe them clean. 
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Condenser: It is necessary to have a clean condenser to 
enable the instrument to do its best work. In cleaning it, follow 
the directions given for cleaning the oculars. 


Mirror: Keep the surface of the mirror clean by applying 
the methods used in cleaning the lenses. 


Operating the Microscope: Location: The microscope should 
be placed on a firm table that is large enough to hold the neces- 
sary material without crowding. The table should be in a roomy 
place free from distracting influences, and of a height to make 
the position of the worker comfortable. The use of the inclina- 
tion joint and a chair, the height of which may be adjusted, will 
assist in attaining this object. When working on fluids it may 
be necessary to have the stage in a horizontal position. For this 
reason, it is advisable to become accustomed to using it in this 
position for all work. 


Practice working with both eyes open and divide the work 
by using either eye. By doing this, and not working too long in 
the beginning, several hours’ work will not tire the eyes. If the 
eyes feel fatigued stop work until they are-rested. Proper light- 
ing is a great help toward making the work easy for the eyes. 


Lighting: North light from windows without cross bars gives 
the best light. Direct sunlight is to be avoided, and should be 
toned down by using white shades on the windows if the sun- 
light strikes the microscope. Wire netting on the windows or 
branches of trees near them interferes with good work. In order 
to avoid shadows from the hands while manipulating the mirror 
or other parts, the operator should face the light, and use a screen 
to protect the eyes. 


Almost any strong artificial light that can be placed reason- 
ably near the microscope will serve well. It has the advantage 
of constancy, and may be used at all hours. Placing a bull’s eye 
condenser between it and the mirror will assist. When examin- 
ing opaque objects it may be necessary to have the light shine 
directly upon the object in place of passing through it. For this 
work ordinary daylight, or daylight that is condensed upon the 
object by means of a lens or concave mirror, serves fairly well. 


Focusing: Place upon the stage directly under the objective, 
a semi-transparent specimen having sharp outlines and mounted 
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on a Slide. With the ocular in place first use an objective of 
low power in focusing. While watching the objective lens from 
the side with the eye nearly on a level with the stage, turn the 
coarse adjustment to force the body tube down until the lens of 
the objective is almost in contact with the cover glass. Adjust 
the size of the opening in the diaphragm until the lighting effect 
is good but not too strong. Then examine the field through the 
microscope while very slowly elevating the tube by means of the 
coarse adjustment, to bring the specimen into focus. When the 
specimen is clearly outlined, bring it into a sharp focus by using 
the fine adjustment. At this point move the mirror into different 
positions trying both the concave and plane sides, until the best 
lighting effect is obtained. The fine adjustment will have to be 
used almost continuously to bring different parts of the specimen 
into the focal field while moving it around and examining it. 
Caution must be exercised at all times while focusing to avoid 
unconsciously forcing the objective through the cover glass on 
the shde. 

If it is necessary to obtain greater detail elevate the tube of 
the microscope by means of the coarse adjustment, then care- 
fully unscrew the objective and replace it with a higher power. 
If more than one objective is attached to a nose piece and they 
are parfocal, the nose piece may be turned without refocusing 
until the higher power objective is in the optical axis. While 
turning the nose piece, or while bringing the objective down close 
to the cover glass, look between the objective and the slide, and 
move the objective very slowly to avoid contact with the cover 
glass. If the specimen is not in focus after changing the objec- 
tive, it will be necessary to refocus as in the first instance. 

Two objectives and two oculars should be provided. Their 
magnifying powers, to order in purchasing, can usually be safely 
left to the maker of the microscope after explaining the character 
of the work in which they are to be used. 


Special Suggestions: It is a good practice for beginners to 
look through the microscope and examine the field with the slide 
removed. If specks or cloudiness are visible it may be due to 
dust or other material on the lenses. Specks on the ocular will 
move in the field when the ocular is revolved. Sometimes specks 
and filaments on the vitreous humor of the eye appear to be lo- 
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cated in the microscope field. No attention should be given to 
them. When examining fluids difficulty may be experienced in 
keeping objects in the field due to motion in the liquid. It should 
be remembered that specimens of considerable depth may 
change in form as the focal plane passes up or down. Particles 
at the bottom of a liquid may come into the focal plane and dis- 
appear as the objective and local plane are raised, other particles 
or crystals coming into view. Liquid used in mounting the speci- 
mens sometimes flows out and partly covers the cover glass, thus 
interfering with a clear field, or being mistaken for the liquid 
beneath the cover. Air bubbles are frequently found in the 
liquid mounts. A little experience will usually enable one to 
distinguish them from other objects. These are only minor 
troubles, and the remedies for them are obvious. 


Objec- | Initial DeUneTS Objec- 
tives |Magnifi- tives 
mm. cation 4X 5X 6X 8X 10X 12X 15X 20X mm. 
48 2.2 8 11 13 i8 22 27 33 44 48 
40 2.8 11 14 17 22 28 33 42 56 40 
32 4 16 20 32 40 60 80 
30-32 2-4.5) 4-9 5-12 8-19 | 10-24 | 15-35 | 18-43 | 20-48 | 30-70 30-32 
25.4 24 30 60 90 120 4 
16 10 40 50 60 80 100 120 150 200 16 
12 15 60 75 80 129 150 180 225 300 12 
8 20 80 100 120 160 200 240 300 400 8 
36 144 180 216 288 360 432 540 720 5 
4 44 176 220 264 352 440 528 660 880 4 
3 60 240 300 360 480 600 720 900 1200 3 
1.8 95 380 475 570 760 950 1140 1425 1900 As 
1.5 | 109 436 545 654 872 1090 1308 1635 2180 Lo 


THE USE OF THE MICROSCOPE IN DAIRY PLANTS. 


The microscope can be put to many important uses in dairy 
plants. These uses include the examination of solid particles 
found in milk or in its products; the general physical appear- 
ance of all kinds of dairy products; the examination of fat glob- 
ules; the examination of milk sugar crystals, and finally com- 
plete bacteriological examination of all dairy products. 


The foregoing instructions are sufficiently comprehensive to 
enable one to operate the instrument for all minor microscopical 
examinations. Complete bacteriological examinations can be 
made only by those well versed in the subject. 
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HOW TO MAKE MICROSCOPICAL EXAMINATIONS OF FAT IN 
DAIRY PRODUCTS. 


In the case of skim-milk, whole milk, and usually in the case 
of cream, the samples can be examined without being diluted 
with water. Place a small drop upon the slide, and with the 
cover glass spread the same uniformly between the slide and the 
cover glass. Use samples of uniform size. 

In the case of evaporated milk, concentrated cream, sweetened 
condensed milk, and all other fluid condensed products, it is 
usually desirable to dilute the sample with an equal volume of 
water. This is best accomplished by placing a small drop of the 
condensed product upon the slide, and then adding to it a drop 
of water of equal size, and mixing the two very thoroughly be- 
fore placing the cover glass over the same. The dilutions can 
be made in a flask using equal volume of the product to be examin- 
ed and water. 

The best results are obtained by using 10 X ocular and 4 mm 
objective. This will give a magnification of 440 diameters. 


HOW TO MAKE MICROSCOPICAL EXAMINATIONS OF MILK 
SUGAR IN DAIRY PRODUCTS. 


The products that usually contain crystallized milk sugar are. 
principally sweetened condensed whole and skim-milk. Plain 
and skim condensed milk, if of too great concentration, also some- 
times contain milk sugar crystals. The defect in ice cream known 
as ‘‘sandy ice cream’’, is due to the presence of crystallized milk 
sugar. All of the above products should be examined without 
diluting with water, inasmuch as the addition of water might 
cause many of the crystals to go into solution. 


It is usually desirable to examine the crystals under both low 
and high magnifications. The two combinations most commonly 
used are 10 X ocular and 16 mm objective giving a magnification 
of 100 diameters; and 10 X ocular and 4 mm objective, giving 
a magnification of 440 diameters. By means of the lower magnifi- 
cation, a large field of crystals can be examined, and the uniform- 
ity of the crystals carefully studied, while with the higher mag- 
nification the individual erystals are better defined, and the same 
can be subjected to close study. 
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BACTERIA IN MILK. 


When milk is first secreted in the udder of a healthy cow, it 
is free from living organisms since these do not usually pass 
through the tissues of the digestive tract, and through those that 
supply the udder. As the milk descends in the udder it comes 
in contact with a few bacteria that probably gained entrance 
through the opening in the teat. Others are introduced later by 
dust from the air; by dirt from the hands of the milker; by 
particles of dirt or other material that fall into the milk; or by 
contact with bacteria on the walls of containers. 

Since milk affords a food supply in a condition readily avail- 
able for their growth, bacteria that gain entrance to it soon in- 
erease in numbers by reproduction, unless rigid measures are 
practiced to check their growth, or to destroy them. 

While all bacteria are considered objectionable in fresh milk, 
and some kinds are decidely harmful, some types are utilized to 
advantage in the manufacture of butter, cheese, and fermented 
milk products. For all of these reasons dairy bacteriology has 
been extensively studied, and methods of sanitary control de- 
veloped. The application of these methods adds considerably to 
the labor of handling milk, and to the cost of equipment for 
preserving it. 

The number of bacteria in a sample of milk ordinarily has 
little significance when the history of the sample is unknown, but 
where the bacterial count is high, and the sample’s history is 
known, it may indicate that something is wrong, and thus be- 
come the basis for starting an investigation. Upon the other 
hand, a low bacteria count—other factors being considered, is 
usually an indication of good sanitary quality. The bacteria 
count and especially the determination of the kind of organisms 
present, is of unquestioned value to the industry for the purpose 
of locating and removing sources of contamination, and for 
measuring the effectiveness of sanitary methods. 


Types of Organisms Found in Milk. The organisms found in 
milk consist of bacteria, and usually a few yeasts and moulds. 
They comprise the lowest form of life in the vegetable kingdom, 
and like other plants, they must have suitable food and surround- 
ings in order to grow. As many bacteria are unable to move by 
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their own effort, and the others have only limited means of move- 
ment, all require a very moist, or liquid medium with a readily 
available food supply. Milk is a fluid of this character, and it 
meets the requirements of a number of varieties, although some 
after gaining entrance to it are unable to develop, and soon 
perish. 


Pig. 115. Microscopic Substances Found in Milk, Showing Relatives Sizes, 
According to Melick. 


The above cut represents a portion of a drop of milk. F, fat 
globules; L, leucocytes; Y, yeast; and B, b, ¢, s, t, 1 and 2 seven 
species of bacteria frequently found in milk. B represents the 
hay bacillus group; b represents one species of bacillus viscosus 
which forms slimy milk; ¢ represents a streptococcus; t represents 
bacillus typhosus; 1 represents tetragenococci, and 2 one of the 
lactic acid group. 

Attempts have been made by a number of investigators to 
classify bacteria in groups, and describe varieties by their special 
properties. -But many difficulties have arisen because some of 
the properties of bacteria are transitory or extremely variable. 
It appears that permanent identifying characteristics, if they 
exist, are not understood with such clearness that it permits 
a satisfactory classification at present. The grouping that has 
been made, however, is used to advantage for the purpose of 
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separation, study and description. The group name is usually 
derived from the most pronounced characteristics of the type. 

In this way the principal organisms that are nearly always 
present in milk may be placed in two groups, namely the Bacillus 
lactis acidi group, and the Bacillus lactis aerogenes group includ- 
ing Bacillus coli communis. The members of the former group 
vary in their ability to produce lactic acid but do not develop 
gas. The varieties that produce lactic acid and curdle the casein 
rather promptly are most universally distributed. Their presence 
like the presence of all bacteria is very undesirable in all fresh 
milk, but in the form of pure cultures some are used to advantage 
in the manufacture of butter, most varieties of cheese, and sonr 
milk beverages. The characteristics of this group of organisms 
are described under S. lacticus Kruse, p. 490 and B. lactie acidi 
Leichmann, p. 491. 

The members of B. lactis aerogenes, and B. coli communis 
groups are frequently present in milk. They are very commonly 
the source of fermentations that cause trouble and loss to the 
dairy industry. Some of the varieties of these groups are de- 
scribed under Acid Gas Producers, p. 495. 

A group of liquefying organisms, characterized by their ability 
to liquefy gelatin, not uncommonly cause the loss of dairy prod- 
ucts. They digest casein and have the power to bring about 
decidedly putrefactive decomposition. B. Subtilis is a spore- 
bearing organism of this type. It sometimes causes the decom- 
postion of evaporated milk that has not been properly sterilized. 
Also, the pronounced bitter taste that sometimes develops in 
whole milk and in evaporated milk may be due to protein decom- 
position products developed through the action of the members 
of this group. 

Another group sometimes known as Bacterium caucasicum 
is of some importance in the dairy industry principally because 
a few types are used in the production of fermented milk bever- 
ages. The better known variety is Bacillus Bulgaricus. When 
used as a pure culture it yields a buttermilk having a sharp acid 
flavor and heavy body. Sometimes from 5 to 15 parts of the 
pure culture is added to 100 parts of a pure culture of Bacillus 
Lacticus in order to give the resulting buttermilk a more pro- 
nounced acid flavor and heavier body. The use of Bacillus 
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Bulgaricus in the making of commercial cultured buttermilk is 
on the decline. 

Yeasts and torula are occasionally the cause of pronounced 
fermentation with production of gas in cream, is condensed 
milk, and in ice cream. In cream it causes foaming and prevents 
the fat globules from gathering in the churning process. It is 
hable to appear, with generous production of gas in sweetened 
condensed milk, and in ice cream when manufactured in un- 
sanitary surroundings or from infected products, and then held 
for a time. 

A few pathogenic organisms can live and develop in milk, 
and thereby disease may be transmitted to man. For this reason, 
their study is of importance in dairy bacteriology. The best 
protection for the public, however, is the practice of pasteurizing, 
and exercise of every reasonable precaution to keep the milk 
free from contamination. 

Wilcox? drawing upon data from numerous sources con- 
cisely describes ‘‘the morphological characters, biology, and 
behavior of the pathogenic and saprophatiec bacteria that have 
been found in milk’’. His description of several of the more 
important types are reproduced in the following paragraphs: 


PATHOGENIC BACTERIA MOST FREQUENTLY FOUND IN 
MILK. 


Bacillus tuberculosis Koch. 


Morphology.—Slender, slightly bent, pointed ends, sometimes 
threads and branched forms, or club forms, longer in milk than 
in tissues, occurring singly or in twos, three or colonies. Size 
1.5—4X .4m.(m = micron). Acid—fast. Gram and Ziehl-Neel- 
sen stains positive. No spores or flagella. Non-motile. Capsule 
stains. Bouillon.—Growth in 7 or 8 days if glycerine is added. 
Sometimes pellicle. Glycerine-agar—Growth begins in 6-12 
days. Colonies minute, whitish-yellow, later brown, lichen-like, 
elevated, sinuate, dry or moist. Potato.—Decided growth in 2 
or 3 weeks, best if potato is moist, small crumb-like masses, 
friable, yellow, dull. Blood serum.—Growth begins in 10-12 
days. Serum not liquefied. Colonies light, dry crumb-like coal- 
escing scales. Pathogenic for man and other animals. Aerobe. 
—Growth from 22° to 42° C., but best at 37° C. 
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B. typhosus Eberth. 


Morphology.—Takes ordinary stains, Gram stain negative. 
Short, plump, rods, longer in cultures. Size 1-3 x .6—.8m. cap- 
sule. Motile, 8-14 long flagella. Occurs in threads. Serpentine 
movements. Vacuoles in stained and unstained preparations but 
no spores. Bouillon—Turbidity, abundant sediment. Gelatine 
plates and tubes.——Small, yellowish-white, punctiform, raised 
center, wavy elevations under microscope. In stab cultures gran- 
ular, grayish-white thread growth. Streaks culture similar, non- 
liquefying. Agar plates and tubes.—Colonies irregular, round, 
grayish-white, slightly raised, yellow line extending outward 
from the center. In stab cultures granular, grayish, thread 
growth with irregular outline and oily lustre, later yellow. On 
streak cultures spreading, wavy, smooth edge, shiny. Milk.— 
Appearance unchanged, not coagulated, slightly acid. Potato.— 
Variable. Delicate and moist, grayish or rarely brownish. May 
be readily differentiated from B. coli by the fact that the latter 
coagulates milk within 48 hours with abundance of acid. B. 
typhosus grows best as aerobe but also as anerobe and in CO. 
Produces typhoid fever in man, and a fatal intoxication in animals. 
Grows best at 37° C. on all ordinary media, less well on non- 
albuminous media. No pigment nor indol. No gas in lactose. 


v 


B. diphtheriae Klebs-Loeffler. 


Morphology.—Shghtly curved rods usually with one end eclub- 
shaped and the other pointed, or may be short wedge shaped, com- 
ma shaped, or dumb bell form. Size 1.2-2 & .3-.5m. In groups 
of 2-4, no long chains. Stained by aniline dyes. Gram, Loeffler 
and Nicolle. Capsule. No flagella. Non-motile. No spores. 
Bouillon.—Dust like granules, usually pellicle. Produces indol, 
acid and nitrites. Gelatine—Yellowish-white, slightly elevated 
surface, non-liquefying, non-characteristic. Agar plates and 
tubes.—In 24 hours circular, round, white elevated colonies with 
smooth edges and moist. Potato.—Little or no growth if acid, 
scanty after a few days if alkaline. Milk—Abundant growth, 
amphoteric reaction, no curdling. Blood serum.—Rapid at 37° 
C. Characteristic within 12 hours, round, raised, grayish-white 
colonies, yellowish, translucent if young, moist, margin irregular, 
center thickened and opaque. Colonies not confluent, may reach 
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size of 4 or 5mm. Abundant growth on hen’s eggs. Grows best 
at 37° C. Quickly killed at 60° C. Aerobe. 


Streptococcus of contagious mammitis. 

Morphology.—Long, undulating chains, elements 1m in diam- 
eter, shorter in old than in recent cases of mammitis. Aerobe or 
anaerobe. Takes analine dyes, but Gram stain poorly. Gelatin. 
—Small, translucent, whitish colony. Pellicle. Potato—Poor 
growth. Bouillon—Growth after 24 hours. Sediment, no turbid- 
ity. Milk—Rapid growth. Curdled in 24-48 hours, strongly 
acid. Causes mammitis in cows and goats. A smaller form 
causes gangrenous mammitis in sheep. Possible cause of sterpto- 
coccie sore throat in children. 


Streptococcus scarlatinae Klein and Gordon. 

Morphology.—Polymorphiec streptococcus with all transition 
stages between coccus and bacillus. Coccus forms prevails in 
bouillon, bacillus on agar. Takes simple stains and Gram. 
Bouillon.—After 24 hours at 37° C. a single, coherent, white-gray 
mass appears at base of tube, floating as a flat conglomerage in 
the fluid medium. Gelatin—Slow, small, gray, circular, firm 
edge. No liquefaction. Chain formation conspicuous. Agar.— 
After 24 hours colonies are gray, granular, irregular, tubercula- 
ted; or similar without tubercles; or with a frill of chains around 
a compact center. Milk.—Rapid curdling, acid. Blood serum.— 
Good growth of colonies. Aerobe. Found in cases of scarlet fever 
and sometimes thought to be the cause of the disease. Occurs 
also in diseased udders of cows. Pathogenic for mice and rab- 
bits. 

BACTERIA PRODUCING ACID BUT NO GAS. 


Ordinary Types Most Frequently Found in Milk. 


S. lactis viscosus Conn. 

Morphology.—A streptococcus. Size .8-.9m. Gram stain posi- 
tive. Gelatin colony.—Shiny, pale, yellow, round or lobate, 
usually viscous. Gelatin stab—Needle and surface growth, pro- 
ducing a nail culture. Agar streak.—Lobate, luxuriant, vis- 
cous. Fermentation tubes.—Acid in all sugar bouillons and 
growth in the closed arm but no gas. Bouillon—Sediment, tur- 
bidity and pellicle. Milk.—Acidified, curdled and rendered very 
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slimy. Potato—lLuxuriant, dull, pasty growth. Grows at 20° 
and 37° C. Facultative anaerobe. Variety A shows scanty, non- 
viscous growth on agar and no pellicle on bouillon. 


S. lacticus Kruse. 

Morphology—Long or short chains. Size .5-lm. Gram stain 
positive. Gelatin colony.—Minute, white, rough, dense. In lit- 
mus gelatin always acid. Gelatin stab—Moderate needle growth, 
but no surface. Agar streak.—Barely visible, faint film. Fer- 
mentation tubes.—Acid in all sugars, usually growth in closed 
arm but no gas. Bouillon.—AlImost invisible, shght sediment and 
turbidity. Milk—Promptly acidified and curdled. Potato.— 
Uusually invisible. This species sometimes comprises 99 per cent 
of all the bacteria in a sample of milk. The type S. lacticus I 
produces acid in dextrose but not in other sugars. Variety A of 
this type shows no turbidity but a slight pellicle in bouillon, 
variety B. turbidity but no pellicle, variety C turbidity and 
pellicle with negative Gram stain, variety D luxuriant growth on 
potato. The type S. lacticus Ii produces acid in lactose and 
saccharose but not in dextrose. Gram stain negative. S. lacticus 
III shows pellicle on bouillon and acidifies or curdles milk. 


M. lactis Fluorescens Conn. 


Morphology.—Size .5 — .6m. Gram stain negative. Gelatin colo- 
ny.—Round. Moderately thick, smooth, with greenish lique- 
faction. Gelatin stab—Stratiform. Agar streak.—Luxuriant, 
narrow, thick, smooth, white. Fermentation tubes.—Dextrose 
acid, other sugars alkaline, no gas or growth in closed arm. 
Bouillon.—Sediment, turbidity, pellicle. Milk.—acidified, curdled, 
digested. Potato.—Scanty, thin, smooth, white. Grows at 20° 
and 37° C. Facultative anaerobe. 


M. lactis variens Conn. 

Yellow coccus, common in milk. Morphology.—Size .4-1.4m. 
Gram stain positive. Gelatin colony.—Deep and opaque or super- 
ficial and white, usually acid in litmus gelatin. Gelatin stab— 
Napiform, liquefaction slow or rapid, sometimes a dry pit. Agar 
streak.—Luxuriant, rough, spreading pale orange. Fermentation 
tubes.—Acid in all sugars, closed arm growth, no gas. Bouillon. 
—Flocculent sediment, slight turbidity or pellicle. Milk—Acid, 
commonly curdled and digested. Potato—Luxuriant or scanty, 
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pale orange, frequently dry. Grows better at 37° than at 20° C. 
Facultative anareobe. Variety A produces acid only in dextrose 
and does not acidify milk. 


Sar. lactis aurantiaca Conn. 


Orange, liquefying. Morphology.—Size lm. Gram stain posi- 
tive. Not motile. Gelatin colony.—Liquefying pit, orange pig- 
ment. Gelatin stab—Slow liquefaction, stratiform. Agar streak. 
—Filiform, raised, smooth, moist, orange. Fermentation tubes.— 
No acid, gas or closed arm growth in any sugar. Bouillon—Pel- 
licle, slight sediment. Milk.—No change in reaction, curdling, 
digestion. Potato.—Spreading, capitate, luxuriant. Grows at 
20° and 37° C. Aerobe. 


B. lactis Viscosus Adametz. 


Slimy milk bacteria. Morphology.—Size. .5-1.2 x .5-2.5m. 

Filaments 15m long. Gelatin colony.—Flat, lobate, viscous. 
Gelatine stab—Needle growth sometimes granular, thin, shiny, 
gray surface. Agar streak.—Luxuriant, viscous, white. Fer- 
mentation tubes.—No acid, gas or closed arm growth. Bouillon.— 
Sediment, turbidity, pellicle. Milk—dAlkaline, shmy, not 
eurdled. Potato.—Thick, uneven, dirty gray. Grows at 20° 
and 37° C. Aerobe. 


B. lactis acidi Leichmann. 


Immensely numerous. Common cause of sour milk. Several 
varieties differing from type form. Morphology.—Size .7—-1.2 x 
5-—.8m. Sometimes cocci. Gram stain positive. No motility, 
spores or long chains. Gelatin colony.—Small points, opaque, not 
characteristic, mostly below surface. Acid on litmus gelatin. 
Gelatin stab.—Granular or linear needle growth, no surface. Agar 
streak.—No growth or barely visible, better on milk agar. Fer- 
mentation tubes——Acid in all sugars, commonly closed arm 
growth, no gas. Bouillon—Sometimes no growth, commonly 
slight sediment. Milk.—Acid, promptly curdled without gas, no 
digestion. Potato—Thin, transparent or no growth. Grows 
better at 20° than at 37°. Facultative anaerobe. Variety A has 
a minute colony. Milk sometimes curdled in 6 hours. Variety B 
has a dense surface colony. Variety C is more anaerobic. Vari- 
ety D never curdles milk. 
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B. lactis burri Conn. 

Reddish bitter-milk organism. Morphology.—Size 1.3 x .7m. 
No chains, spores or Gram stain.. Gelatin colony.—Surface in 
liquefying area 1-3 mm. in diameter. Gelatin stab.—Begins to 
liquefy in 4 days, infundibuliform. Agar streak——Luxuriant, 
smooth, lobed, reddish. Fermentation tubes.—No acid, gas or 
closed arm growth. Bouillon—Turbidity, no sediment or pellicle. 
Milk.—Acid, not curdled or digested. Potato—No growth. 
Grows at 20°, not 87°. Aerobe. 


B. lactis fluorescens Conn. 


Morphology.—Size 1.4.-1.5x.8-—.9m. No chains, spores, 
capsule or Gram stain. Gelatin colony.—Slow, race-like, dense 
center. Gelatin stab—Needle growth, stratiform, liquefaction in 
one day. Agar streak.—Filiform, translucent, smooth, white, 
green fluorescence. Fermentation tubes.—No gas or closed arm 
growth, acid in dextrose and saccharose. Bouillon.—Sediment, 
turbidity, pellicle. Milk.—Alkaline, ecurdled at 20° C., digestion. 
Potato.—Filiform, raised, white. Grows at 20°, poorly at 37° C. 
Aerobe. 


P. lactis varians Conn. 


Common in milk. Morphology.—Size 1-1.4x 8m. Chains. 
No spores, capsules or Gram stain. Gelatin eolony.—Round, flat 
or umbilicate, rugose, brownish. Gelatin stab.—Stratiform or 
infundibuliform, slow. Agar streak.—Filiform, raised, opaque, 
white. Fermentation tubes—No gas or closed arm growth, 
usually acid in dextrose only. Bouillon—Sediment, turbidity, 
membranous pellicle. Milk.—slightly acid and curdled at 20° C., 
not at 37° C. Potato—Variable, white to brown. Grows better 
at 20° than at 37° C. Aerobe Variety A. liquefies rapidly. B. 
acidificans presamigenes casei Gorini and P. fragariae probably 
belong here. 


B. lactis citreus Conn. 


No chains or spores. Size 8x .5m. Gelatin colony—White, 
opaque, later yellow. Gelatin stab—Needle growth, lemon—yel- 
low surface. Agar streak.—Luxuriant, lemon—yellow, smooth. 
Fermentation tubes.—Probably acid without gas. Bouillon— 
Sediment, turbidity, pellicle. Milk.—Acid, eurdles. Potato— 
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Luxuriant, white, then lemon yellow. Grows at 20° and 37° C. 
Aerobe. 


B. lactis rubifacens Gruber. 

Red pigment. Morphology.—Size 2—3x.7m. Spores, no chains, 
capsule or gram stain. Gelatin colony.—Thick, gyrose, white. 
Gelatin stab—Needle growth villous, spreading surface. Agar 
streak—Linear, moderate, white. Fermentation tubes.—Acid 
and closed arm growth, no gas. BouillonSediment, turbidity, 
ring pellicle.- Milk—Acid, curdled like jelly. Potato—Thick, 
white. Grows better at 20° than at 37° C. Facultative anaerobe. 


B. Subtilis. 


Very common in milk. Morphology.—Size 1.5-4x .6-1.5 
mm. Chains, spores, no capsule, Gram stain positive. Gelatin 
colony.—Rapid liquefaction, irregular granular masses. Gelatin 
stab.—Liquefies in one day. Crateriform, later stratiform. Agar 
streak.—Filiform, spreading, cretaceous, wrinkled. Fermentation 
tubes.—No acid, gas or closed arm growth. Bouillon.—Sediment, 
turbidity, pellicle. Milk.—Alkaline, curdled, digested. Potato— 
spreading, gray, raised, dry or moist. Grows at 20° and 37° C. 
Aerobe. Varieties with slow liquefaction and negative Gram 
stain. 

This bacillus,—also frequently called ‘‘Hay Bacillus,’’ on ac- 
count of having been first found in hay, as well as other members 
belonging to the same group to which this one belongs, are among 
the most important encountered in the dairy industry. Spoilage 
in the case of improperly sterilized evaporated milk is usually due 
to the presence of this bacillus. 


Fig. 116 and 117 illustrate this bacillus in two forms. 


? 


B. lactis gelatinosus Conn. 

Produces jelly-like milk. Morphology.—Size .8x.6 m. No 
chains, spores, capsule or Gram stain. Gelatin colony—Round, 
smooth, white, slow. Gelatin stab—Slow, crateriform, white. 
Agar streak.—Filiform, raised, smooth, brownish. Fermentation 
tubes.—No acid, gas or closed arm growth. Bouillon—Sediment, 
turbidity, membranous pellicle. Milk.—Acid, curdled, digested 
into jelly. Potato.—Moderate, raised, brownish. Grows at 20° 


and 37° C. Aerobe. 
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B. mesentericus fuscus Conn. 


Morphology. No chains. Size 1.2-1.5x.4—-.6m. Central 
spores, gram stain positive. Gelatin colony.—Round, convex, en- 
tire, brownish-red. Gelatin stab.—Slow, napiform. Agar streak. 
—Spreading, thin, rugose, gray. Fermentation tubes.—No gas or 
closed arm growth. Acid in dextrose and saccharose. Bouillon.— 


Fig. 116. Bacillus Subtilis.? Vegetating Rods from a Very Young Culture of 
Agar. Bacilli Showing Flagella. 


Fig 117. Bacillus Subtilis and Spores. The Spores Have Very Thick Cell 
Membrane Almost Impenetrable by Heat. 
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Slight turbidity, no sediment or pellicle. Milk. —Alkaline, 
curdled, digested. Potato.—Luxuriant, thin, rugose, brownish- 
red. Grows better at 37° than at 20° C. Aerobe. 


ACID GAS PRODUCERS. 
Bacterium aerogenes type. 


B. lactis aerogenes Esch. 


Morphology.—Size 14-5x1-1.5m. Sometimes capsule. No 
chains or spores. Gram stain irregular. Gelatin colony.—Thick, 
round, smooth, moist, sometimes viscous, 2 mm. in diameter. Gela- 
tine stab—Needle growth, thick, white surface. Agar streak.— 
Luxuriant, moist, gray. Fermentation tubes.—Acid, gas and 
closed arm growth in all sugars. Bouillon—Sediment, turbidity, 
usually pellicle. Milk—Strongly acid, curdles, gas. Potato.— 
Luxuriant, dirty white. Grows better at 37° than at 20° C. 
Aerobe. No indol. One variety produces indol, a second a thick 
colony, and two others bitter milk. 


The Coli Communis type. 


B. Coli aerogenes Conn. 

Flagellate. Morphology.—Size 1-—3x1-1.4m. No chains, 
spores or Gram stain. Gelatin colony.—Prominent, thick, smooth, 
moist, large. Gelatin stab——Needle growth, thick white surface. 
Agar streak.—Filiform, raised, smooth opaque. Fermentation 
tubes.—Acid, gas and closed arm growth, not much gas. Bouillon. 
—Sediment, turbidity, usually pellicle. Milk.—Strongly acid, 
eurdles with gas. Potato.—bLuxuriant, white or straw color. 
Grows better at 37° than at 20° C. Aerobe. Indol produced, or 
sometimes not. 


B. coli communis Esch. 

Like the last species, but produces a thinner, umbonate colony 
on gelatin with a granular lobate edge. Indol is produced. B. 
coli is very common in milk on account of the frequent contamina- 
tion with feces. 

Typical characters. Morphology.—Size 1—1.6x 4—-1m. No 
chains, spores, capsule, or Gram stain. Flagella peretrichic. Gela- 
tin colony.—Thin, spreading umbonate, smooth center, lobate. 
Gelatin stab—Filiform needle growth, spreading, moderate sur- 
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face. Agar streak—Filiform, raised, smooth, white, sometimes 
lobed. Fermentation tubes.—Acid, gas, and closed arm growth 
in all sugars. Bouillon.—Turbidity, sediment, ring pellicle. Milk. 
—Acid, curdling, no digestion. Potato.—Moderate, smooth, gray- 
white. Grows better at 37° than 20° C. Aerobe. Indol produced. 
One variety produces gas in dextrose only, and another renders 
milk slimy. 

P. Coli communis Conn. 

Gas-producing Pseudomonas. Morphology—Size 1-1.5x 
.8—.9m. No spores, chains, capsule or Gram stain. Gelatin colony. 
—Round, thick, smooth, auriculate, gray. Gelatin stab—Fili- 
form, umbonate, bluish surface. Agar Streak—Moderate, linear, 
raised, gray. Fermentation tubes.—Acid, gas and closed arm 
growth. Bouillon.—Sediment, turbidity, flocculent pellicle. Milk. 
—Acid, curdling, no digestion. Potato—Moderate, thin, spread- 
ing. Grows better at 20° than at 37° C. Facultative anaerobe. 
Almost identical with B. coli communis except that there is only 
one flagellum, which is long and characteristic. 


Common types of fungi found in milk. 


In addition to the bacteria which may occur in milk and cause 
various changes in it a number of fungi other than bacteria may 
gain entrance to milk. Of these perhaps Oidium Lactis and 
Torula amara are most common. Brief descriptions of these fungi 
may be given in this connection. 

Oidium lactis. 

This is the conidial form of a mildew belonging to the same 
genus with the powdery mildew of the grape. It occurs normally 
in sour milk. Morphology.—Fruiting hyphae simple, erect, color- 
less, bearing at the tips chains of conidia which germinate to form 
septate hyphae. Takes ordinary aniline stains. The spores or 
conidia are short cylinders. Gelatine.—Colonies at first white 
points, becoming stellate and finally covering the entire surface 
with a mycelial network. Makes similar growth on agar. 


Torula amara Harrison. 


Morphology.—Oval cells. 7.5-10 m. long, showing vacuola- 
tion after a few days, budding at smaller end of cell. Singly or 
in clumps or chains. No spores. Wort.—Abundant growth at 
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25° C. No pellicle. Yeast rings form at 37° C. Wort Gelatin.— 
Pin-point colonies becoming round and grayish white in 4 days. 
Gelatin stab.—Beaded line becoming dense and spiny. Surface 
waxy becoming brown at center. Wort Agar.—Rapid, luxuriant. 
Agar.—Glistening, flat. Potato—In 3 days slightly raised, yel- 
lowish growth. Milk.—Bitter in 5 or 6 hours, curdled in 10 days, 
much gas, no butyric acid. 


QUANTITATIVE DETERMINATION OF ORGANISM IN MILK. 

Laboratory and apparatus: The suggestion given in Chapter I 
should be found helpful in fitting out a small laboratory but much 
will depend upon the ingenuity of the individual, the space avail- 
able, and the funds that may be used for purchasing equipment. 
Where a room is used for a variety of purposes, there is likely 
to be an excess of dust whereas bacteriological work should be 
carried on in a place as free from dust as possible. It would 
therefore be well to partition off a portion of the room where 
sterile apparatus and the reagents may be kept and the plating 
and other work may be done. As plenty of light is necessary, the 
partitions may be made largely of glass. 

The autoclave or steam sterilizer should maintain a steam 
pressure of at least 10 pounds to insure convenient and reasonably 
quick means for thoroughly sterilizing the media and water. 
Any kind of an oven that can be maintained at a temperature of 
175° C will serve as a sterilizer for glassware. It should be fitted 
with a thermometer. An incubator, in which the temperature can 
be accurately controlled is indispensable. It is much better to 
purchase a good one especially designed for the purpose than to 
try to use a cheaply built substitute. 

Methods: The American Public Health Association published 
in 1921 Standard Methods for the Bacteriological Examination of 
Milk. As these methods are representative of the best work in 
America they are given here.® The plate method is used to deter- 
mine the total number of colonies; gas formers, and coli bacteria 
present. 

COLLECTION OF SAMPLES FOR BACTERIOLOGICAL COUNTS. 

Although the technique of the plating method is funda- 


mentally different from that involved in microscopic counting, 
microscopic counts are readily made from the same samples as 
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those used in making agar plates. As the precautions necessary 
for securing a fair sample are identical, the method of collecting 
samples for both methods are des »ribed under a single heading. 

All collecting apparatus, glassware, pipettes, collecting tubes, 
bottles, ete., shall be sterilized at a temperature of at least 175° C. 
for one hour. 

Each sample shall consist of at least 10 cc. of milk. Before 
taking the sample the milk shall be mixed as thoroughly as pos- 
sible. If the original container can be inverted the mixing of the 
milk should be done by inverting it several times. If this is 
impossible, the milk should be stirred wth some sterile stirrer. 
Any stirrer already in the container may be used. If there is 
none in the container, the sampling pipette (or any other sterile 
article) may be used; but it shall be used for one container only 
until it is again sterilized. 

A sample merely poured from a large can is not a fair sample 
unless the milk in the ean is thoroughly stirred. Neither is a 
sample of mixed milk, taken after it is poured into an unsterilized 
weighing vat, a fair sample from which to judge the quality of 
the milk before it was poured into the vat. The sample shall be 
taken from cans by means of a glass or aluminum tube with 
straight sides, long enough to reach the bottom of the original 
container and inserted, not too rapidly, with the top of the tube 
left open. This will result in the tubes containing a cylindrical 
section of the milk from top to bottom of the can. The finger 
then placed on the top of the tube will make it possible to with- 
draw the tube full of milk and transfer it to the sampling bottle. 
The sampling bottle should be large enough to hold the entire 
contents of the tube, all of which must be reserved as the sample. 
Each tube shall be used for collecting a single sample only, and 
must be washed and sterilized before it is used again. If the 
sample is taken from a bottle, the bottle should be first shaken 
to ensure thorough mixing and the milk may be poured into the 
sample bottle, although it is better here also to use a sampling 
tube. . 

If the temperature of the milk is desired, it should be taken 
from a different container from that used for the bacteriological 
sample, or after the bacteriological sample has been withdrawn. 
All records shall be made immediately after taking the sample. 
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The milk et be placed in a properly labeled eee “ie 
most convenient kinds of sample bottles are glass stoppered, or 
those closed with a cork lined screw cap. Cotton plugs are not 
satisfactory method of closure. The sample bottles shall be 
placed at once in a carrying case containing cracked ice, so that 
the milk is promptly cooled to near the freezing point. 


The samples shall be transferred to the laboratory as quickly 
as possible and shall be plated with as little delay as possible. 
The samples placed in cracked ice and water may be kept for 
several hours (12) without an appreciable increase in bacteria. 
If the plates are not made within four hours from the time of 
collection, the number of hours that did elapse should be stated 
in the report. If the milk is kept at 40° C. a slight and somewhat 
variable increase may be found in twelve to twenty hours. Up to 
twenty hours this will not be more than 20 per cent in normal 
eases. The larger increases may be expected in milk which has 
been stored at low temperatures for some time previous to sampl- 
ing. Continued shaking of the milk during its transit to the 
laboratory tends to break up the clumps into smaller masses and 
so increases slightly the number of colonies. 


In the case of samples to be used for direct microscopic 
examination, icing of the samples may be dispensed with under 
some conditions where it is possible to add preservatives (forma- 
line 2 to 3 drops of a 40 per cent solution of formaldehyde for each 
10 ce. of milk) to the samples as taken. Samples containing pre- 
servatives that have been allowed to stand until the cream is 
compact are not satisfactory, and are likely to give a lower count 
than fresh samples. 


(A) MACROSCOPIC COLONY COUNT (PETRI PLATE METHODS). 


Composition of medium. 
Standard beef extract agar* shall be used for all routine work 
and shall contain the following ingredients :** 


INES MGW to ratte D Oe Ae Ui go CaO Oe OT ee ree RTC 1.2% 
or 


*Beef infusion may be substituted for beef extract in those laboratories 
where past records are based on the use of beef infusion agar; but in the 
interest of uniformity, it is urged that beef extract be used. 

**This medium is essentially the same as that recommended in the last 
edition of the Standard Methods of Water Analysis. 
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Agar? (amare) mee wernt Wek Sortie evo toni een tere eters 1.5% 


Beefiextractt ete ee ear Oe eee 0.3% 
Re ptorie tg ene ce es a eee ee 0.5% 


Distilled swate vrs ee eet ae eee ee cee eee 


The beef extract shall be Liebig’s where this is obtainable, or 
some other brand giving comparable results. 


Witte peptone, if available, can be used with assurance that 
the reaction of the medium will be neutral (pH=7.0); other 
brands—such as Armour’s, Digestive Ferments Co.’s, Parke Davis 
Co.’s,—although more acid can often be used for milk analysis 
without necessitating change of reaction; and nearly any good 
commercial peptone may be used with comparable results pro- 
vided special attention be given to H-ion concentration of the 
medium. 


The agar must be of the best quality. If oven-dried at 105° C. 
just before using, take 1.2%; if used just as obtained in the 
market without oven-drying, use 1.5%. Remove salts and any 
dirt present by soaking, washing and draining. Distilled water 
is to be used for dissolving the ingredients. 


Reaction. 


A medium consisting of the above ingredients, including a 
suitable peptone, ordinarily has a reaction between pH—6.2 and 
7.0. If within these limits, the reaction requires no adjustment 
for milk analysis. The most desirable reaction is about pH=6.5 
to 6.6; but any reaction between pH=—6.2 and 7.0 is allowable. 
No change in reaction should be made without carefully deter- 
mining the H-ion concentration of the finished medium by the 
method described below. 

Inasmuch as the range of H-ion concentration recommended 
for water analysis® is pH=6.8 to 8.4, it is permissible, if desired, 
to use a single agar for both purposes with a reaction of pH=6.8 
to 7.0. If Witte’s peptone is used in the above formula, this will 
ordinarily be the reaction without adjustment. 

Each batch of finished medium should be tested before use as 
to its final reaction after sterilization. This test is to be made 
as follows: 

Put 4 ce. of distilled water at 30 to 40° C. (not warmer) in a 
test tube. Add 1 cc. of the agar to be tested and then 10 drops 
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of the indicator, brom thymol blue* (0.04 per cent solution in 95 
per cent alcohol). The resulting color should be either a yellowish 
green or vary to a deeper shade of grass green. To one whose 
eye is trained this shade of color is sufficient. 


These shades may be accurately determined by means of the 
buffered solution® of Sorensen or of Clark and Lubs. 

However, they may be approximately determined by comparing 
the tube of agar containing the indicator with a set of color tubes 
after the method of Barnett and Chapman.” 


Select 12 test tubes of even caliber and place in two rows of 
6 each. In each tube of one row put 5 ee. of a dilute alkali (as, 
for example, twentieth normal sodium hydroxide). In each tube 
of the other row put 5 ec. of very dilute acid (one drop of con- 
centrated sulphuric or hydrochloric to 100 ee. of distilled water is 
sufficient). Avoid stronger acid. 


Add indicator to the tubes as follows: 


Acid tubes Alkali tubes H-ion 
concentration 
9 drops 1 drop pH 6.2 
8 drops 2 drops pH 6.4 
7 drops 3 drops pH 6.7 
6 drops 4 drops pH 6.9 
5 drops 5 drops pH 7.1 
4 drops 6 drops pH 7.3 


The tubes are to be viewed in pairs of acid and alkali, each 
pair containing the sum of ten drops of indicator. 

If preferred, double these quantities may be used throughout 
and the indicator measured in fractions of a cubic centimeter 
instead of drops. That is, two ce. of agar should be taken for 
testing. This should be added to 8 ce. of distilled water. One 
ec. of indicator should be used. In comparing with the Barnett 
and Chapman tubes, use 10 cc. of dilute acid or alkali in each 
tube, and add the indicator in tenths of a cubic centimeter instead 
of in drops. 

All of the test tubes used in this determination must be of the 
same diameter and of clear glass. 


*Prepared by Hynson, Wescott & Dunning, Baltimore, Md. 
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Another indicator, brom cresol purple,* (0.04 per cent solution 
in 95 per cent alcohol) may be used as an alternative for brom 
thymol blue. Its use is especially desirable if the reaction of the 
agar is more acid than pH=6.4, because brom thymol blue is not 
very sensitive at this point. Brom cresol purple, on the other 
hand, is not sensitive at pH=7.0 and therefore cannot be used if 
the medium is of neutral reaction. 


The pH values corresponding to the color pairs (acid and 
alkali) prepared by the method of Barnett and Chapman have 
been worked out by Medalia.*t The color of brom cresol purple 
is a good shade of purple at pH=6.8 with increasingly lighter 
shade to pH=6.2. At pH=6.0 the color is a grayish hue not 
easily confused with that of pH=6.2. 


Adjustment of reaction. 


If the correct color of the indicator does not appear in the 
agar as tested, add dilute NaOH (e. g. N/20) from a burette 
until the shade is obtained which represents the desired H-ion 
concentration, that is between pH=—6.8 and 7.0. Fifty times the 
amount of N/20 NaOH added from the burette equals the amount 
of normal NaOH to be added to one liter of the medium if 1 ce. of 
the agar is being tested. When testing 2 cc. of agar, multiply by 
25 instead of 50. ‘ 


In this adjustment, it is permissible to use any strength NaOH, 
but the strength of that added to the medium must be an exact 
multiple of the strength of NaOH used in titration; if the ratio 
is not 1:20 proper allowances must be made.: 


Method of preparing agar. 


The important point is to secure an agar of the correct re- 
action and composition which contains no troublesome precipi- 
tates. Methods of cooking and filtering to accomplish this vary 
with the ingredients used. Those suggested below have been 
found satisfactory in practical use; but other methods securing 
the same results are allowed. White of egg, however, must not be 
used for clarification. 


The finished medium may be tubed or bottled, placing 10 ee. 
in each tube or 55 ee. (enough for five plates) in each bottle. 


*Prepared by Hynson, Wescott & Dunning, Baltimore, Md 
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Sterilization shall be accomplished by heating in the autoclave 
for 20 minutes after the pressure reaches 15 lbs.; or after the agar 
is completely melted, heat in flowing steam on three successive 
days for 20 minutes each day. 

All glassware and all apparatus such as kettles, funnels and 
filtration flasks, must be kept scrupulously clean by running hot 
water over or through them after use before the agar has had 
time to harden. There is danger otherwise of dried particles of 
agar chipping off and giving rise to sediment in future batches 
of agar which in the poured plates may be mistaken for colonies. 

Procedure No. 1. Mix all of the ingredients together cold. 
Heat in an autoclave at 15 lbs. pressure for 40 to 90 minutes 
according to the quantity of medium being made in each batch. 
Allow the autoclave to cool very slowly so as not to disturb the 
sediment. Decant through a cotton filter taking care not to pour 
the sediments on the cotton until the bulk of the liquid has passed 
through. 

This simple procedure with certain brands of peptone and 
grades of agar gives excellent results. 

Procedure No. 2. Where large quantities of agar are to be 
prepared the following procedure has been found useful. Pre- 
pare two separate solutions: 


Mixture A.—Beef extract 0.38 per cent of total quantity of 
medium to be made. 

Peptone 0.5 per cent of total quantity of medium to be made. 

Distilled water 40 per cent of total quantity of medium to be 
made. 

Place in a kettle. Weigh kettle with contents. Heat on stove 
to boiling, and boil five minutes. If absolutely necessary to 
adjust reaction (see Reaction) do so at this point and boil again. 
Make up with hot distilled water that lost by evaporation. Do 
this by weight. Filter through paper or paper pulp in a Buchner . 
funnel (see below). 


Mixture B.—Agar oven dried 1.2 per cent (market 1.5 per 
cent) of total quantity of medium to be made. Soak and wash 
under tap in sieve. Weigh before and after soaking to determine 
quantity of water absorbed. Distilled water 60 per cent of total 
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quantity of medium to be made, minus that absorbed by the agar 
during the washing. 


Mix A and B (agar not yet melted). Heat mixture over stove, 
stirring at frequent intervals until agar is entirely melted. Then 
boil and stir constantly for 20 minutes. Make up by weight 
water lost by evaporation by adding hot distilled water. Keep 
kettle of agar in chamber of flowing steam while preparing 
funnel for filtering. . 


Filter through cotton until clear. For 10 liter amounts it is 
suggested that either a Sharples centrifuge or a nine inch Buchner 
funnel with a suction pump be used. The ordinary filtration 
pump attached to a water faucet producing about 11 inches of 
vacuum gives good results. 

Prepare paper pulp by soaking scraps of ordinary filter paper 
for 86 to 48 hours in a large wide-mouthed bottle. The paper and 
water should be in the ratio of six sheets of soft absorbent filter 
paper (20 by 20 inches) to 214 liters of hot water. Moisten the 
paper and tear it into fragments about %4 to % inches square. 
Shake vigorously at intervals to make the suspension fine and 
uniform. When ready to prepare the nine inch funnel, take 400 
to 500 ce. of the paper pulp and dilute it with about three liters 
of very hot water. Cut a piece of surgeon’s lint (or cotton 
flannel) to fit the bottom of the funnel exactly. Rinse the funnel 
with hot water. Place in it the lint with the fleecy side upermost. 
Pour in the hot paper pulp suspension carefully so as to cover the 
lint with an even layer about ¥% to % inch thick. Over this lay 
a disk of filter paper. Place a four liter suction flask under the 
funnel and apply the suction to draw the water into the filtration 
flask until the pulp is firm, yet somewhat moist. The agar will 
not go through too dry a filter. 


The funnel and the paper pulp must be hot when the agar is 
poured in carefully and slowly, striking the disk of filter paper 
-which prevents the breaking of the surface of the paper pulp. 
Discard the first 100 ec. of agar which come through as they con- 
tain some of the water from the pulp. 


Even in the first filtration the agar should come through very 


clear. Keep the remainder of the unfiltered agar hot in flowing 
steam while the first part is running through the filter. 


PLATING Sil 


Ordinarily the temperature of the agar in the funnel is 80° to 
85° C. but the last portions will come through well as low as 50° 
to 55° C. 

Keep the filtered agar hot in flowing steam while preparing a 
second funnel in the same way as the first. Then filter as before. 


Plating. 

For miscellaneous milk samples, the character of which is not 
known, three dilutions shall be made; 1 : 100,1 : 1,000 andl : 
10,000. Where the character of the milk is known, the number 
of dilutions may be reduced. If the milk is pasteurized, certified 
or known to be fresh, and of high grade, the 1,000 and 10,000 
dilutions may be omitted. If the milk is known to be old and of 
high bacterial count, the 100 and 1,000 dilutions may be omitted, 
and dilusions in excess of 10,000 prepared. In no ease shall less 
than two plates be made from each sample. Where two satis- 
factory plates are obtained it is advisable to count both of them. 


The water used for dilutions may be placed in dilution bottles 
(99 ec., 49.5 and 9 ec. are convenient sizes) are sterilized for one 
hour in an autoclave at 15 lbs. pressure. The bottles should be 
marked so that it can be determined that they have neither gained 
nor lost water during or subsequent to sterilization. Or, the 
water may be sterilized in bulk, if kept in a properly guarded 
container, and subsequently measured directly into the dilution 
bottles with sterilized pipettes. 

The dilution bottles should have glass or cork stoppers, or 
some other type of closing that makes shaking possible. Cotton 
plugs are a less satisfactory method of closure because a small 
portion of the dilution water will soak into the cotton.” 

Straight sided pipettes graduated to deliver 1 cc. are the best. 
They may be either the two mark or the one mark style. In 
either case, the errors of measurement are caused more by faulty 
calibration or by faulty manipulation of the pipettes than by the 
particular form of pipette used. In using two mark pipettes, 
great care must be taken to see that the quantities used are 
exactly 1 ec., while many one mark pipettes in use are calibrated 
to contain 1 ec. rather than to deliver 1 ce. Breakage of tips of 
the latter type of pipette also cause errors. 
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In making dilutions the original sample and each dilution 
bottle shall be rapidly shaken 25 times, each shake being an up 
and down excursion of about one foot (entire shaking not to take 
longer than about seven seconds). After the final dilution fill a 
pipette to the mark and allow contents to run into an empty petri 
dish, the end of the pipette touching the dish as the liquid runs 
out. If the pipettes are of the one mark style be sure that they 
are so manipulated as to deliver a full cubic centimeter. Use care 
to raise the cover only as far as necessary to insert the end of 
the pipette. 

Pipette should be placed immediately in water after using to 
make subsequent cleaning easier. 

The flasks (or test tubes) of agar shall be melted in boiling 
water or steam and after melting shall be cooled to a temperature 
of between 40 and 45° C. before using. 

Pour about 10 cc. of the melted agar in each inoculated petri 
dish, and by a gentle rotary motion thoroughly mix the agar and 
the diluted milk. As nearly as possible the same amount of agar 
should be poured into each petri dish so that the depth of agar 
will be uniform in all. If desired 10 cc. may be measured out 
from the flask with a sterile pipette. 

It is important that the plating shall be completed as rapidly 
as possible. The work should be so planned that no more than 
15 minutes shall elapse after the dilution of the milk and before 
the agar is poured into the petri dishes; and in no ease shall the 
interval be allowed to exceed 20 minutes. 

After the agar has been thoroughly hardened, place the petri 
dishes in an incubator. The danger of spreaders may be reduced 
either by the use of clay tops or by inverting the plates as pre- 
ferred. 


Incubation. 


Only one period of incubation, and one temperature is regard- 
ed as standard, 48 hours at 37.5° C. Piles of plates should not be 
packed too closely together and in crowded incubators ventila- 
tion should be provided. 


Counting Plates. 


If among the different dilutions there are plates containing 
from 30 to 300 colonies these should be counted," and the num- 


CouNntTING 513 


ber, multiplied by the dilution, be reported as the final count. All 
colonies on such plates should be counted, and the numbers from 
the different plates averaged. If there are no plates within these 
limits, the one that comes the nearest to 300 is to be counted. No 
plate that contains less than 20 colonies shall be counted, unless 
it happens that there are no other plates. If the number of col- 
onies on the plates to be counted are in excess of 300 per plate, a 
part of the plate may be counted and the total number estimated ; 
but such plates are admittedly overcrowded and the counts are 
less than they should be. 

Countings shall be done with a lens, and all recognizable col- 
onies included. A lens magnifying 214 diameters (or what the 
opticians call a 314x lens) is recommended for general use. In 
case any particles visible by this method are of doubtful nature 
they should be examined with a compound microscope to deter- 
mine whether they are colonies or dirt specks. 


Common sources of error in counts. 

Agar plate ‘‘counts’’ per ec. are to be regarded as estimates 
of numbers rather than as exact counts, since only a portion of a 
cubie centimeter is used in preparing the plates. As such they 
are (like all estimates) subject to certain well known and recog- 
nized errors whose size can be largely controlled by the care taken 
in the analysis. Among these errors are: (a) Failure of some of 
the bacteria to grow because the incubation temperature, or the 
composition reaction of the medium, is not suitable. (b) Inac- 
curacies in measurement of the quantities used. (¢) Mistakes in 
counting, recording data, computing results and the like. (d) 
Incomplete sterilization or contamination of the plates, dilution 
waters, etc. The possible errors caused by these things makes it 
highly important for all routine laboratories to follow carefully a 
standard procedure. 

Recent investigations make it clear that these largely control- 
able errors, are not likely to cause serious misconceptions of 
the accuracy of results as are the errors due to the fact that bac- 
teria in milk usually cling together in groups of from two to 
many hundreds of individuals. These groups are only partially 
broken apart by the shaking given in preparing the dilutions so 
that at best the counts from the agar plates represent the number 
of isolated individuals and groups of two or more bacteria that 
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exist in the final dilution water. Thus the colony counts from 
the plates are always much smaller than the total number of bac- 
teria present. This error would not be troublesome if the groups 
were of constant average size; but the best information available 
shows that the groups in ordinary market milk commonly vary 
in size so that they contain an average of from 2 to 6 individual 
bacteria. Some samples contain groups of even smaller size than 
this, while others, such as those bearing long chain streptococci, 
may show groups containing an average of 25 or even more in- 
dividual bacteria. The irregularity of this error (whose size is 
not indicated in any way by the appearance of the plates) should 
be kept in mind in interpreting the results obtained. 


Reports. 


Because of the fact that agar plate counts only represent a 
fraction of the total number of bacteria present, they should not 
be reported as showing the ‘‘number of bacteria per ec.’’ <Ac- 
curately speaking the counts from agar plates give the estimated 
number of colonies that would have developed on standard agar 
per ec. of milk if an entire cubic centimeter of milk had been 
used for inoculation. Because this statement of fact is eumber- 
some, and also because a certain ratio exists in each case be- 
tween the colony count and the total number of bacteria, it has 
become a common practice to speak of the plate counts as showing 
the number of bacteria per cc. This is very confusing now that 
microscopic methods of counting have been developed which per- 
mits counts of the actual bacteria to be made. These counts 
average approximately five times the size of the counts as made 
by the standard agar plate technique. 


It is therefore recommended that all agar plate counts obtained 
by the standard technique shall not be stated in the form ‘‘2,000,- 
000 bacteria per ce.’’ but rather as follows: ‘‘official plate count, 
2,000,000.’’ This latter form of expression shall be considered an 
abbreviated method of saying: ‘‘a count of 2,000,000 colonies per 
ec. as obtained by standard methods.’’ Moreover analysts shall 
be careful to avoid giving a fictitious idea of the accuracy of the 
official plate count. There is ample justification for thinking 
them sufficiently accurate to justify drawing conclusions as to 
the general quality of a given sample of milk, and when a series 
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of samples from the same source are examined the average result 
may permit much more specific conclusions to be drawn with 
confidence. 


Specific data showing the actual percentage error in these 
counts has been difficult to obtain, and has only recently been 
obtained by means of comparisons made between microscopic and 
agar plate counts. The conclusions reached by Breed and Stocking 
are that the margin between two plate counts made from similar 
samples of marketed milk must be as great as one to five before it 
becomes a practical certainty that the larger count actually repre- 
sents the larger number of bacteria. 


It is, however, self evident that between any two samples the 
one having the higher count probably contains the greater num- 
ber of bacteria, and this probability can be made a practical 
certainty by the examination of a series of samples. It is there- 
fore required that a series of samples, preferably four or more, 
be examined before judgment shall be rendered as to the general 
quality of a given milk supply. Under no conditions is the 
practice sanctioned of publishing exact counts from individual 
samples as showing the quality of a given milk supply. 

All laboratories conforming to standard procedure will keep a 
record of the exact number of colonies developed on the plates 
that are counted; but will render their reports in round numbers 
only. Never use more than two significant left hand digits in any 
report, raising the number to the next highest round number in 
any case; but never lowering it. Those wishing to be still more 
conservative may use a form of report such as ‘‘official plate 
count less than 10,000,’’ ‘‘official plate count between 10,000 and 
30,000,’’ and the like. 


STANDARD METHODS OF BACTERIAL MILK ANALYSIS. 
Plating apparatus. 


For plating it is best to have a water bath in which to melt 
the media and a water jacketed water bath for keeping it at the 
required temperature; a wire-rack which should fit both the water 
baths for holding the media tubes; a thermometer for recording 
the temperature of the water in the water jacketed bath, a sterile 
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one ¢. ¢. pipette, sterile petri dishes and sterile dilution water in 
measured quantities. 


Dilutions. 

Ordinary potable water, sterilized may be used for dilutions. 
Occasionally spore forms are found in such water which resist 
ordinary autoclave sterilization ; in such cases distilled water may 
be used or the autoclave pressure increased. With dilution water 
in eight-ounce bottles calibrated for ninety-nine cubic centi- 
meters, all the necessary dilutions may be made. 

Short wide mouthed ‘‘Blakes’’ or wide mouthed French square 
bottles are more easily handled and more economical of space 
than other forms of bottles or flasks. 

Eight ounce bottles are the best, as the required amount of 
dilution water only about half fills them, leaving room for 
shaking. Long fibre, non absorbent cotton should be used for 
plugs. It is well to use care in selecting cotton for this purpose 
to avoid short fibre or ‘‘dusty’’ cotton, which gives a cloud of 
lint-like particles on shaking. Bottles and tubes should be filled 
a little over the 99 ce. ec. and 9 ¢. c. marks to allow for loss during 
sterilization. 

The dilutions recommended are 1-10, 1-100, 1-—1,000, 1- 
10,000, 1 — 100,000, and 1 — 1,000,000. 

For certified milk the 1—100 dilution should be used, while 
1—100 and 1-—10,000 will usually be found best for market milk. 

The 1-10 dilution is prepared by shaking the milk sample 
twenty-five times and then transferring 1 ec. ¢c. of the milk to a 
test tube containing the 9 ¢. ¢. of sterile water. 

The 1-100 dilution is prepared in the same way, except that 
a bottle with 99 ¢. c. of sterile water is substituted for the test 
tube. 

The 1-1,000 dilution is prepared by first making the 1—100 
dilution, shaking twenty-five times and transferring 1 ¢. c. of the 
dilution to a test tube containing 9 ec. ¢. of sterile water. 

The 1— 10,000, 1— 100,000, and 1,000,000 dilutions are made in 
the same manner by dilutions of 1—100, 1—1,000, and 1-10,000 
dilutions, 1 ¢. c. to 99 c. e. of sterile water. 

It is recommended that that dilution be used which will pro- 
duce about 200 colonies to a plate, ranging from 40-200 where a 
1-10 dilution exceeds this number the 1-100 dilution is more 
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accurate, ete. The number of bacteria present may if desired, be 
approximately estimated before dilutions are made by direct 
microscopic examination of a properly prepared sediment. 
Otherwise, it is necessary to make a range of dilutions thereafter 
selecting for record the count obtained on that plate which yields 
between 40 and 200 colonies. 


Plating whole milk is unreliable, whatever quantities be used, 
since the bacteria are not so well separated as in the dilutions, 
and often, owing to the crowded conditions, only a portion of 
the bacteria present will develop into visible colonies. Moreover, 
if a cubic centimeter of the milk is used, the turbidity of the jelly 
due to the presence of the milk hides the colonies present from the 
eye. 

Porous earthenware Petri dish covers are recommended as 
superior to glass since they absorb the excess moisture. They 
also have the advantage of being cheaper and more durable than 
glass, they are easily marked with ordinary lead pencil. With 
long incubation a_ tendency of plates with these covers to dry 
out has been observed by some workers; for ordinary routine 
work, however, they are perfectly satisfactory using 10 ec. ¢. of 
media to the plate and incubating in a saturated atmosphere. 
These covers should never be washed but always thoroughly dry 
sterilized before use. 


Another method of preventing spreaders is by inverting the 
dishes and placing in the glass cover of each a strip of sterile 
filter paper moistened with one large drop of glycerine. Plates 
so treated do not dry out as quickly as with the porous tops and 
the glassware does not become scratched. 

Pipettes. 

Straight sides 1 ¢. c. pipettes are more easily handled than 
those with bulbs; they may be made from ordinary 3-16 inch glass 
tubing and should be about 10 inches in length. 

Plating Technique. 

The agar after melting should be kept in the water jacketed 
water bath between 40 degrees C. for at least fifteen minutes 
before using to make sure that the agar itself has reached the 
temperature of the surrounding water. If used too warm the 
heat may destroy some of the bacteria or retard their growth. 
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For routine work in cities in order to bring down the actual 
number of colonies in a plate to about the standard of two 
hundred, it is well to use a dilution of 1-10,000. To make this 
dilution use two bottles of sterile water each containing 99 ¢. ¢. 

Shake the first dilution twenty-five times, then with a fresh 
sterile pipette transfer 1 ¢. c. to the second dilution water, rinsing 
the pipette to the mark as before; this gives a dilution of 1— 
10,000. Shake the second dilution twenty-five times, then with a 
sterile pipette transfer 1 c. c. to the Petri dish, using care to raise 
the cover only as far as necessary to insert the end of the pipette. 

Take a tube of agar from the water bath, wipe the water from 
the outside of the tube with a piece of cloth, remove the plug, pass 
the mouth of the tube through the flame and pour the agar into the 
plate, using the same care as before to avoid exposure of the plate 
contents to the air. 

Carefully and thoroughly mix the agar and diluted milk in the 
Petri dish by a rotary motion, avoiding the formation of air 
bubbles or slopping of the agar, and after allowing the agar to 
harden for at least fifteen minutes at room temperature place the 
dish bottom down in the incubator. 

Controls. 

Plating should always be checked by controls. A blank plate 
should be made with each series of milk plates for control on the 
agar, water, air, Petri dishes, pipettes, ete. 

For control of the technique of plating, it is recommended 
that for work on ‘‘market milk’’ duplicate plates be made each 
day on several samples. 

‘‘Certified milk’’ should always be plated in duplicate and 
where it is possible it is well to have one man’s work occasionally 
checked by another. 

Unless duplicate plates show as a rule approximately the same 
count the worker should see if there is error in his technique. 

Plating should always be done in a place free from dust or 
currents of air. 

In order that colonies may have sufficient food for proper 
development 10 ¢. c. of agar shall be used for each plate. In 
plating a large number of samples at one time the dilution and 
transfer of diluted milk to the plated may be:done for four or 
eight samples then the agar poured, one tube to each plate, then 
another eight samples diluted, ete. 
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INCUBATION AND COUNTING. 


Two standard temperatures are recognized: 

1. 48 hour incubation at 37 degrees C. 

2. Five day incubation at 21 degress C. 

Regulations governing the number of bacteria allowable in 
milk should direct the method to be used in examination and in 
all reports, papers, etc. on the bacterial count of milk this factor 
should be explicitly stated. 

Incubators should be carefully regulated. Whatever tempera- 
ture of incubation may be used it is important that the incubator 
air should be saturated with moisture; this may be accomplished 
by either having a depression in the floor of the incubator filled 
with water or by setting a pan of water on one of the shelves. 
Counting. 

Expressing of results. Since minor differences in milk counts 
are within the working error of methods and are of no significance 
in practice, the following scale has been adopted for recording 
results of market milk examination: 

Counts below 50,000 are distinguished by five thousands. 

Counts between 50,000 and 100,000 are distinguished by ten 
thousands. 

Counts between 100,000 and 500,000 are distinguished by fifty 
thousands. 

Counts between 500,000 and 5,000,000 are distinguished by 
hundred thousands. 

Counts above 5,000,000 are distinguished by millions. 

Therefore only the following figures are used in reporting: 


5,000 400,000 
10,000 450,000 
15,000 ete to 50,000 500,000 
60,000 600,000 
70,000 700,000 
80,000 800,000 
90,000 900,000 
100,000 1,000,000 
150,000 1,000,000 ete. to 5,000,000 
200,000 6,000,000 | 
250,000 7,000,000 


300,000 8,000,000 ete. by millions 
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Counts on ‘‘Certified’”’ or ‘‘Inspected’’ milk shall be expressed 
as closely as the dilution factor will allow. 

The whole number of colonies on the plate shall be counted, 
the practice of counting a fractional part being resorted to only 
in case of necessity, such as partial spreading. 

Various counting devices have been recommended by different 
workers. The more simple ones, where the whole plate can be 
seen at once, are more desirable on account of there being less 
likelihood of recounting colonies. Colonies too small to be seen 
with the naked eye or with slight magnification shall not be 
considered in the count. 


(B) MICROSCOPIC COUNT OF BACTERIA’ (BREED METHOD). 

Various methods for counting bacteria in milk by microscopic 
examination have been described, but the method that is com- 
monly deseribed as a direct microscopic examination of a dried 
film of milk has been found to be the simplest and most reliable 
method of counting the bacteria as they exist in the milk itself. 
It is recognized in this report as a standard or official technique 
of equal standing with the colony count from agar plates where 
used for judging the quality of unpasteurized milk. The Breed 
method gives a direct count, of both dead and live bacteria. It 
cannot be used upon the pasteurized product. 


® 


Apparatus required. 


In addition to a microscope, microscopic slides, stains, ete., the 
only special apparatus required is a capillary pipette which dis- 
charges 1/100 ce. of milk. The most satisfactory form of pipette 
is made from a straight piece of thick walled capillary tubing 
with a bore of such a size that the single graduation mark is from 
1% to 2% inches from the tip. The tip shall be blunt and of such 
a form that it will discharge the milk cleanly without running back 
on the side of the tip. Pipettes of this type are now listed by all 
of the usual supply houses. The pipettes shall be calibrated so as 
to deliver 1/100 cc., not to contain 1/100 ec. Because there are 
many inaccurately calibrated pipettes on the market, the calibra- 
tion of all pipettes shall be tested by weighing the amount of milk 
discharged on chemical balances. The weight for milk should be 
.0103 grams. s 

Only a single pipette is needed in making a series of tests, 
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provided this is kept clean while in use. In this kind of work 
cleanliness of glassware is more important than sterilization. 
Clean towels may be used for wiping the exterior of the pipettes 
while making the microscopic preparations, and their bores may 
be kept clean by rinsing them in clean water between each sample. 
The small amount of water left in the bore may be rinsed out in 
the milk sample under examination. This method of procedure, 
while adding a small number of bacteria to each sample, intro- 
duces only a theoretical error, tests showing that such bacteria 
cannot subsequently be detected, and make no difference in the 
final result. After use, the pipettes should be kept in a glass- 
cleaning solution, such as the commonly used mixture of sulphuric 
acid and potassium bichromate. 

Routine laboratories will find it convenient to use larger 
microscopic slides than the ordinary 1 by 38 inch slide. The 
largest slides that have been found to be conveniently examined 
with the use of a mechanical stage are cut 2 by 4% inches. Such 
slides may be stored in ordinary ecard catalogue cases and may be 
very cheaply prepared from thin window glass or old photo- 
graphie negatives. A margin of ground or etched glass on the 
longer edges of the slide about % inch in width allows lead 
pencil labeling. The margins may be ground with an emery 
wheel, or they may be etched with hydroflouric acid. The cost of 
these home made slides ought to not to exceed 2 to 3 cents each, 
whereas the similar slides listed by supply houses cost much more 
than this. A special guide plate (size 2 by 4%4 inches) marked 
off with 16 square centimeter areas is also needed. This can be 
obtained from regular supply houses. Only one of these is needed 
as it is used as a guide plate underneath the slides on which the 
milk preparations are made. 


Preparation of films of dried milk. 

After a thorough shaking of the sample, 0.01 ec. of milk or 
cream shall be deposited upon a clean glass slide by means of the 
pipette above described. Spread the drop of milk uniformly over 
an area of one square centimeter by means of a clean, stiff needle. 
This may be most conveniently done by placing the slide upon 
the guide plate just described, or upon any other form of guide 
plate of glass or paper which is ruled in square centimeter areas. 
The marks showing through the glass serve as guides. After 
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spreading, the preparation shall be dried in a warm place upon a 
level surface protected from dust. In order to prevent notice- 
able growth, this drying must be accomplished within five to 
ten minutes; but excessive heat must be avoided or the dry films 
may crack and peel from the slide in later handling. 

After drying, the slides are to be dipped in xylol, or any other 
suitable fat solvent, for a sufficient time to remove the fat (at 
least one minute), then drained and again dried. After this, 
the slides are to be immersed in 90 per cent grain or denatured 
alcohol for one or more minutes, and then transferred to a fresh 
aqueous or carbolic acid solution of methylene blue (about 1 
per cent, exact strength unimportant) that has previously been 
tested and found to stain the bacteria satisfactorily in milk prepar- 
ations. Some methylene blue now on the market in powder form 
is very unsatisfactory in that solutions will dissolve the milk 
films, or will wash them with an even blue color in which the 
bacteria fail to show distinctly. Old or unfiltered stains are to be 
avoided as they may contain troublesome precipitates. 

The slides are to be left in the stain until overstained. They 
are then to be rinsed in water and decolorized in alcohol. The 
decolorization takes from several seconds to a minute or more, 
during which time the slide should be under observation, in order 
that the decolorization may not proceed too far. When properly 
decolorized the background of the film should show a faint blue 
tint. Poorly stained slides may be decolorized and stained with- 
out apparent injury. After drying, the slides may be examined 
at once, or they may be preserved indefinitely. 

Standardization of the microscope. 


The microscope used must be so adjusted that each field covers 

a certain known fraction of the area of a square centimeter. This 
adjustment is simple if a micrometer slide, ruled in hundreths of 
a millimeter, is at hand (sometimes called a stage micrometer as. 
it is used under the objective on the stage of the microscope). 
The microscope should have a 1.9 mm. (1/12 inch) oil immersion 
lens, and an ocular giving approximately the field desired (for 
example a 6.4.x ocular). It sould also be fitted with a mechanical 
stage. If the large slides described above are used, this must be 
a special stage allowing a larger area of the slide to be examined 
than can be examined with the usual mechanical stage. 


STANDARDIZING THE MICROSCOPE Sys: 


To standardize the microscope, place the stage micrometer on 
the stage of the microscope, and by selection of oculars or by 
adjustment of the draw tube, or both, bring the diameter of the 
whole microscopic field to .205 mm. When so adjusted, each field 
of the microscope covers an area of approximately 1/3000 em. 
(actually 1/3028 em). This means that the dried milk solids 
from 1/300,000 part of a ce. of milk are visible in each field of the 
microscope. Therefore if the bacteria in one field only are 
counted, the number found should be multiplied by 300,000 to 
give the estimated number of bacteria per ec. In practice, how- 
ever, more than a single field is examined so that the number used 
for multiplication is smaller than this. 

As the microscopic examinations must be made with greater 
care where the bacteria are relatively few in number, it is required 
that, in grading low count milk, a special ocular micrometer with 
a circular ruling divided into quadrants shall be used. In using 
this micrometer, the microscope shall be so adjusted that the dia- 
meter of the circle on the eye piece micrometer shall be .146 mm. 
In this case the amount of dried milk solids examined in each 
field of the microscope is 1/600,000 part of a ec. of milk. The 
limitation of the examination of the slide to the central portion 
of each field, avoids using the margins of the field where definition 
is hazy, and lessens the danger of overlooking bacteria. Like- 
wise the magnification used is greater than that used where the 
whole field is examined. 


Counting and Grading Milk. 


The number of fields of the microscope to be examined varies 
with the character of the milk, and with the character of the data 
desired. Experience has shown that where the purpose is primar- 
ily to detect and eliminate the worst milk from ordinary market 
milk supplies, it is entirely permissible to use the entire field of 
the microscope for examination. At least thirty representative 
fields of the microscope should be examined for each sample of 
milk. Where the average number of individual bacteria (not 
groups of bacteria) is less than one per field, it may be assumed 
that the milk will ordinarily give an official plate count of less 
than 60,000 per ce. Where the number is less than 100 in 30 fields 
(average of less than 3 1/3 bacteria per field) it may be assumed 
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that the official plate count will be less than 200,000 per ce. 
Where less than 1000 per 30 fields (average of less than 33 1/3 
per field) is may be assumed that the official plate count will not 
exceed one to two million per ce. 

Where counts are made in order to enforce stringent standards, 
as at Grade A plants’ or as a basis for premiums on milk giving 
an official plate count of less than 10,000 per cce., the special eye- 
piece micrometer described above shall be used and the micro- 
scope so adjusted that only the central portion of each field is 
examined for counting. Where less than 5 bacteria are found in 
60 fields (average of less than 1/12 of a bacterium per field) it 
may be assumed that the milk would ordinarily give an official 
plate count of less than 10,000 per cc. The grading of milk of 
this type must be done with especial care as persons inexperienced 
with microscopic work have been found readily to confuse ex- 
traneous objects with bacteria, in milk containing very few 
organisms. Where the number is less than 30 per 60 field 
(average of less than % a bacterium per field), it may be assumed 
that the official plate count will be less than 60,000 per cc. Where 
the number is less than 100 per 60 fields (average of less than 
124 bacteria per field), it may be assumed that the official plate 
count will be less than 200,000 per ce. Where the number is less 
than 1,000 per 60 fields (average of less than 1624 bacteria per 
field), it may be assumed that the official plate count will be less 
than one to two million. 

The standards given are computed (with the exception of the 
poorest grades) on the assumption that the official plate count 
will be normally average 1/5 of the total number of individual 
bacteria present. As many cases will be found which diverge 
markedly from the average, it is self evident that this average 
represents only an approximation to the real conditions in any 
specific case so that in some cases the microscopic grading will be 
more severe than that based on the plate counts, and vice versa. 
There is still a lack of sufficient data from which to judge fairly 
which system of grading is the more accurate. The indications 
are, however, that where the work is done with equal skill and 
care, and the allowances indicated are made, a reasonably close 
agreement in grade will be secured'®. This fact is highly reassur- 
ing as to the general accuracy of both systems of grading. 


VERIFICATION METHODS 525 


In the routine grading of milk by the microscopic method it 
is not expected that exact counts will be made. A high grade 
milk will show field after field of the microscope in which no 
bacteria are seen, while a poor grade of milk will show numerous 
bacteria in every field examined. It is only where the number of 
bacteria present is close to the border line between grades that 
counts need to be made. The examination, however, must be 
sufficiently thorough to make sure of the grade as specified above. 


In order to ensure careful work in grading, it is required that 
laboratories conforming to standard procedure shall preserve 
microscopic preparations until a reasonable period has elapsed 
after the reports are rendered to the person or persons whose 
milk has been examined. It is an excellent custom occasionally 
to have the grading done by one analyst repeated by a second 
analyst, particularly in those cases where punitive actions are to 
be based on the reports made. . 


Common Sources of Error in Count. 


Routine microscopic counts, like all bacterial counts, are to be 
regarded as estimates of numbers only. They cannot be made 
with absolute accuracy even with the most careful technique. 
Errors will arise from inaccuracies in measurement of the minute 
quantities of milk examined at any one time, from faulty staining 
or preparation of slides, from mistakes in observation and the like. 
These limitations, while important, are not difficult to overcome 
in sufficient measure to make microscopic grading a satisfactory 
method of controlling the quality of unpasteurized milk. As it 
is only in this way that counts of the bacteria themselves can 
be made, it must be recognized that accurately carried out micro- 
scopic counts of individual bacteria give the truest picture of 
the actual conditions of raw milk that can be obtained with any 
technique. 


Where there is reason to fear the presence of large numbers 
of dead organisms, as for example in pasteurized milk, it is 
improper to place reliance upon microscopic counts. Valuable 
information may, however, sometimes be obtained by making 
both plate and microscopic counts from samples of pasteurized 
milk. 
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Reports. 


As only a few ordinances’ have yet been adopted in which 
both official and microscopic count standards have been given, 
the form of report used will need to be adapted to the cireum- 
stances under which each laboratory is working. Specific counts 
should not be given under normal circumstances, and care should 
be taken to avoid making finer distinctions in grade than are 
justified by the accuracy of the grading. A series of samples 
should be examined in all cases before rendering judgment as 
as to the quality of any milk supply. 


The Reductase Test: This test may be applied to advantage 
in control work where a rapid method is needed to identify milk 
containing large numbers of bacteria, especially where trained 
help and laboratory facilities are limited. Duclaux*”* found that 
milk would reduce certain coloring matters, and that its reducing 
power depended upon the presence of micro-organisms. Neisser 
and Wechsberg'’® proposed the use of Methylene blue solution 
and later Smidt,'7° Muller,’“? and Barthel,’® showed that the 
time required for milk to decolorize a solution of methylene blue 
will be longer or shorter, depending upon the number of micro- 
organisms in the milk. A methylene blue solution that is not 
decolorized for 12 or more hours by norma] fresh milk will be 
decolorized in a few minutes by the same milk when the bacteria 
have increased far enough in numbers. 


In 1923 the reductase test was adopted as a provisional method 
by the American Public Health Association, and the Association 
of Official Agricultural Chemists. Methylene blue tablets put up 
by the National Amine Company may now be obtained from 
the usual supply houses, or methylene blue of proper quality may 
-be used.. ; 


Reagent: Dissolve one of the analine tablets in 50 ee. of boil- 
ing water and add cold distilled water to make 100 ee. If the 
dry dye is used 1.1 gram of it may be dissolved in 250 ee. of dis- 
tilled water to make a stock solution. One ec. of the stock solu- 
tion diluted with 39 cc. of distilled water will produce.a solution 
that will contain one part of the dye in 10,000 parts of water. 
When one ce. of the tablet solution, or of the dye solution is added 
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to 20 ee. of milk, there will be one part of the dye in 200,000 parts 
of the milk. 

Some prefer to use 10 cc. of milk and 1 cc. of a dye solution 
which is one-half the strength of that given above. The concen- 
tration of dye in the milk is the same in each ease. 


Apparatus: An incubator with test tube rack, test tubes, lamp 
or gas burner, 1 cc. pipette, 20 ce. dipper and thermometer. 


Operation: Heat the clean test tubes in boiling water and 
allow to cool before using. Observe the same precautions in 
taking samples that are necessary for any type of bacteriological 
examination. By means of a 20 ce. sampling dipper place 20 ce. 
of milk in a test tube. Rinse the dipper in boiling water after 
taking each sample. Add 1 ce. of the color solution to the milk 
in each test tube, mix and hold the tubes in the incubator at a 
temperature between 100° and 104° F, 

The tubes are observed at certain time intervals. The fre- 
quency of observations depends upon the number of grades into 
which the milk is to be divided. The color usually disappears 
uniformly throughout but sometimes remains in the upper or 
lower parts of the milk. It is usually safe to take the end point 
when the color has disappeared completely from more than three 
fourths of the tube. 

The classification varies in different countries and by different 
organizations in the same country. Scandinavian countries have 
used the following scheme: 


Class 1—Milk keeping its color 5.5 hours or more contains 
less than one-half million bacteria a cc. (plate count). 

Class 2—Milk keeping its color for at least 2 hours and less 
than 5.5 hours contains one-half to four million bacteria a ce. 

Class 3—Milk keeping its color for more than 20 minutes and 
less than 2 hours contains 4 million to 20 million a ce. 

Class -4—Milk keeping its color not longer than 20 minutes 
contains 20 million a ee, 

In the United States milk has been graded to some extent 
upon the following basis. When the time required to destroy 
the methylene blue color was more than three hours the milk 
was classed as Grade A. When the time was three hours or more 
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than two hours, it was classed as Grade B. When the time was 
two hours or less, it was classed as Grade C. 


VERIFICATION AND RESEARCH METHODS. 


Because of the fact that the Committee on Technique of the 
Society of American Bacteriologists has undertaken the study of 
methods of making bacterial counts for research purposes, it is 
not necessary to discuss further the use of standard methods as 
research methods. The standard methods are designed for use 
in routine analytical work and should also be used in those cases 
where investigations involving routine milk control are under 
consideration. They may also be suitable for use in other cases, 
but ordinarily will not be found to give the grade of accuracy 
expected in research work. 


There is in all routine laboratories a very important use for 
methods giving more accurate data than can be obtained from the 
use of the routine count. These may be termed verification 
methods; and they should be used in all cases where administra- 
tive actions are taken which depend upon the analytical results*®. 


The simplest form of verification for official plate count in the 
ease of raw milk is to make a count from the same sample of milk 
by direct microscopic examination, and vice versa. If the counts 
found from the second examination are such*that they are readily 
understandable under the known conditions, a very large part of 
the uncertainty existing in regard to the first count is eliminated 
at once. Under other conditions it may be found advantageous 
to verify the routine plate counts by making plate counts in which 
additional dilutions, or plates are used. Likewise more careful 
microscopic counts may be obtained either by examining dupli- 
cate preparations from the same sample of milk, or by making a 
more careful examination of the original preparation than that 
made for routine purposes. 


If procedures of this sort were more common in bacteriological 
laboratories, control officials would have much firmer ground 
upon which to defend their actions in court if necessary. 


DETECTION OF SPECIFIC PATHOGENS IN MILK. 


There is no part of the field of sanitary analysis of milk where 
routine laboratory methods have so failed to meet the need of the 
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control official as at this point. Some notable attempts have been 
made to secure the elimination of the bacillus of bovine tuber- 
culosis from market milk supplies through routine laboratory 
examinations of milk samples; but none have been found to be 
sufficiently practical to have been widely followed. Other 
pathogenic organisms, such as those of typhoid fever, are rarely 
sought for in milk, though methods for detecting this organism 
have been suggested.1® In all of these cases, it has become 
necessary to rely on elimination of the pathogens in market milk 
supplies through pasteurization, or by veterinary inspection of 
the herds, and medical supervision of dairy employees. 

Several of our important control laboratories are, however, 
using a laboratory method for the elimination of long chain 
streptococci derived from inflamed udders. Certain precautions 
must, however, be used in this case as false interpretations of 
findings are easily possible. The long chain streptococci are 
readily found by microscopic examination of dried films of milk 
or sediments from centrifuged samples of milk. Perhaps the two 
most frequently used routine methods are the Breed method 
already described, and the Stewart-Slack method described in 
detail in the first edition issued by the American Public Health 
Association. 

The use of these methods for this purpose has shown that 
even the presence of large numbers of long chain streptococci 
may be of little significance where there has been opportunity for 
their growth after the milk has been drawn. Streptococci of the 
long chain type oceur frequently in apparently normal udders, 
and may even occur in very large numbers where there is no 
clinical evidence of inflammation.*° Nevertheless, where samples 
of milk can be taken from individual cans as delivered within 
6 hours after milking, it has been found that it is almost invar- 
iably possible to find a cow suffering from an inflamed udder if 
the count of individual cocci in long chains is in excess of 1,000,- 
000 per ce. Such milk usually contains leucocytes in excess of 
1,000,000 per cc.; but this relationship is not an invariable one. 
Because of the presence of alkaline substances from blood serum, 
milk from cows with inflamed udders usually has a pH value 
ereater than 6.8 and may also contain detectable mucin fibers.” 

Where milk is centrifuged and the sediment examined, even 
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greater caution should be used in drawing conclusions, as the 
concentration of material may cause insignificant numbers of 
these organisms to be regarded as significant. In this connection 
it should be remembered that many entirely satisfactory butter 
starters are composed of streptococci which occur in fairly long 
chains. These supposedly saphrophytie streptococci cannot be 
distinguished from the udder streptococci through microscopic 
examination alone. 

Under these conditions, the laboratory findings should in 
every case be confirmed by clinical examination of suspected 
herds before action is taken. 


COMMERCIAL APPLICATIONS OF BACTERIA TO DAIRY 
PRODUCTS. 
Preliminary. 

As already pointed out several types of bacteria find a most 
useful application in several branches of the dairy industry. The 
products in which they play a useful role are of great commercial 
and economic importance, and include butter, cheese and cultured 
buttermilk as the best representatives in the list. The product 
carrying the bacteria is known as the culture or the starter. In 
this chapter the term culture will be used. 


® 


STRAIN OF BACTERIA RECOMMENDED. 


In the experiments reported in this chapter, the bacteria used 
was a strain of Streptococcus Lacticus Kruse described upon 
page 496. This is illustrated under Fig. 118. The culture has 
been propagated continuously for about four and one half years 
under ideal conditions so that as a result of this intensive breed- 
ing, all undesirable properties had been bred out, and the culture 
was one of unusual virility which yielded in practice products of 
most desirable flavor and keeping qualities. Under similar econ- 
ditions, the same favorable results can be duplicated in any dairy 
plant. 


TEMPERATURE TO USE IN RIPENING. 
It is practically universally agreed that the best temperature 


for the propagation of Streptococcus Lacticus of the strain used 
in cultures employed in the dairy industry is 20° C. (68° F.) 
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The control of temperature during the propagation period is of 
vast influence upon the resulting culture. 

Cultures of the Bulgaricus type have an optimum temperature 
of growth of 387° C (98.6° F.). The use of this type is greatly 
upon the decline, and is but little used in commercial work. 


Fig. 118. Streptococcus Lacticus. Photomicrograph from Research Labora- 
tories, Telling-Belle Vernon Co. Magnified 950 Diameters. Isolated 
from Cultured Buttermilk. 


FACTORS RELATING TO THE GROWTH OF CULTURES IN 
DAIRY PRODUCTS. 


Several investigators have shown that the rate of growth of 
the organisms in a culture varies during different periods or 
phases of its life. By its life is meant a condition of environment 
in which the culture is permitted to grow without any unfavor- 
able interference. 

Buchanan”? divides the life cycle of a culture into given 
phases, each phase having a different rate of growth per organism 
than the phase next preceding it as follows: 

(1). The initial stationary phase. During this phase the bac- 
teria remain. constant or nearly so. 

(2). The lag or positive growth acceleration phase. During 
this phase the average rate of growth per organism increases with 
the time. 
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(3). The logarithmic growth phase. The rate of growth per 
organism in this period is constant. The organisms are dividing 
regularily, and the number of organisms are increasing in a 
geometric ratio. 

(4). The phase of negative growth acceleration. The 
average rate of growth per organism decreases during this period. 

(5). The maximum stationary phase. There is little or no 
increase or decrease in the number of organisms during this period. 

(6). The phase of accelerated death. The number of bac- 
teria decreases slowly at first, but the rate of death per organism 
gradually increases until it reaches a maximum. 

(7.) The logarithmic death phase. During this phase, the 
rate of death per organism is constant. 

Barber?* observed that the age of the culture influenced 
the lag phase. He found that if a sub-culture was made in the 
same medium during the logarithmic period, this sub-culture does 
not go through a lag period, but continues to grow, at the same 
rate per organism as the parent culture. If the sub-culture is 
made after the logarithmic period there is a distinct lag period. 
These observations were confirmed by Penfold and by Ches- 
ney.”* 


RELATION OF ACID, DEVELOPMENT AND TIME OF 
RIPENING. \ 


Frohring”’ conducted a series of careful experiments with 
a strain of Bacillus Streptococcus Lacticus using the development 
of the lactic acid in the culture as the criterion of the growth of 
the organisms. This method was selected because of the con- 
siderable errors that may result when counting bacteria by the 
plate method. Another important reason for this choice was the 
desirability of obtaining exact data regarding the relation be- 
tween time and acidity in culture growth. 

Frohring points out that this method of study gives a fairly 
good conception of the first four growth phases mentioned above 
but that it is valueless in determining the last three. ji 

The results obtained by Frohring are given in Fig. 119. 

As the results in Fig. 119 indicate, the acid development is 
not in direct proportion to the time, as is commonly believed to 
be the case by many accustomed to using cultures. The results 
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are typical of the acid development curve produced by a fresh 
vigorous culture which is being propagated daily under optimum 
conditions which are under exact control. 15 ee. of this culture 
was added to 750 ee. of the media. 


Fig. 119. The Relation Between Time of Incubation and Acid Development 
in the Growth of Culture. 


As shown in the graph, there is scarcely any increase in 
acidity during the first four hours. From the fourth to the tenth 
hour, the increase is a gradual one. In this particular experiment 
coagulation started at the tenth hour, with a total acidity of .64 
per cent and from that point the growth was very much retarded, 
but it continued to increase until the ripening had continued for 
seventeen and a half hours, at which point it became constant 
with a total acid content of 1.00 per cent, being still of this 
acidity at the end of 74 hours. 


INFLUENCE OF QUANTITY OF CULTURE ADDED TO MEDIA. 


In another series of experiments Frohring studied the influ- 
ence of the addition of varying quantities of culture to a given 
media. The cultures were fresh, vigorous ones, similar to those 
employed in the previous experiment, and these were added to a 
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good quality of pasteurized skim-milk. The results obtained 
are given in Table 93. 


Influence of Quantity of Culture Added to Media. 


TABLE 98. 


Acidity Given Is That 


Developed in Addition to Initial Acidity, and Acid Added in Starter. 


Experi- 
ment No. 


Bee He Pe 
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Fig. 120, Influence of Quantity of Culture Used Upon Acid Development 
in Media. 


The results of another series of experiments by Frohring are 
given in the graph under Fig. 120. — 
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The results of the preceding experiments by Frohring indicate 
that the amount of culture added is not so important as the grow- 
ing condition of the organisms that are introduced, and their 
ability to divide, and go through the logarithmic stage of growth 
after a few hours of incubation. The determining factor in judg- 
ing the value of a culture is not the total number of organisms 
contained, but rather the number of organisms capable of prop- 
erly reproducing themselves. He has applied this knowledge in 
practice with marked success. 


Fig. 121. Increase in Titratable Acidity Using 15 c.c. and 40 c.c. of Culture 
to 750 c.c. of Media. 


In Fig. 121 it is shown that the same results are obtained at 
the end of the ripening period when only 15 ce. (about 2.0 per 
cent), as when 40 ec. (about 5.0 per cent) of culture are added 
to the media. 

In the manufacture of cultured buttermilk, cottage cheese, 
cheddar cheese, soft cheeses, margarine and butter made from 
ripened cream, or where the culture is worked directly into the 
butter, it is universally conceded that the quality and uniformity 
from day to day of the culture is of the greatest importance to 
the manufacturer who is endeavoring to maintain a uniform 
product. 

A careful study of culture propagation reveals a great many 
factors which, when properly controlled, will insure the successful 
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propagation of a uniform culture free from contamination. 
Under ordinary factory conditions, painstaking care may eliminate 
some of the variables. There still remains, however, many vari- 
ables over which the operator has no control. This means a 
constant risk, or hazard of meeting unfavorable conditions, and 
as a consequence, frequent off flavored or inferior products. 


TIME OF RIPENING. 


Frohring has proved that if too much time is taken for the 
ripening period, undesirable types of bacteria may gain the 
ascendency before the logarithmic stage of growth is reached, 
and as a result bad flavors may appear in the finished product. 
This condition may exist if too small an amount of culture is 
added to the media. 


Upon the other hand, if the ripening time is too short, due to 
the addition of an excessive amount of culture, the results are also 
not satisfactory. 


In general, it can be stated that the least amount of culture 
should be added to produce a satisfactory product. No more acid 
should be added mechanically than necessary. The most practi- 
cal ripening time is 14 hours. 


EFFECT OF HOLDING CULTURE AT VARIOUS TEMPERATURES. 


In handling cultures it is important to know the influence of 
the holding temperature upon the growing qualities of the culture. 
This is the determining factor in establishing the frequency of 
repropagation. This was carefully studied by Frohring, under four 
different temperature conditions. In one experiment the mother 
culture was frozen; in a second experiment it was kept in ice 
water; in a third experiment it was kept at 45° F., and in a 
fourth expériment at 68° F. Inoculations from each of the 
above mother cultures were made in pasteurized skim-milk media 
upon successive days as indicated. In each test 15 ec. of the 
four respective cultures were inoculated into 750 ec. of skim-milk, 
and these sub-culture were incubated for 15%4 hours at 68° F. 
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The titratable acidity was determined at the end of each ineuba- 
tion period, and this was used as the criterion of the growing 
qualities of the respective cultures. 


The results in Fig. 122 show plainly how the growing quali- 
ties of a culture are influenced by the temperature at which it 
is kept following the end of the incubation period. The culture 
that was frozen lost little of its reproductive powers up to eight 
days. After that it deteriorated rapidly, and at the end of eleven 
days it had practically lost its ability to grow. 


ACIDITY OF SUBCULTURE OBTAINED FROM MOTHER 
CULTURE, THE LATTER BEING KEPT AT TEMPERATURES 
INDICATED OURING EXPERIMENT. 

HOURS OF INCUBATION-/53 HOURS AT 68°F 
AMOUNT OF CULTURE ADDED -/5CC.TO 750 CC. SKIM-MILK 


CENTAGE OF ACIDITY 


ie 


TIME IN DAYS 


Fig. 122. Influence of Holding Temperatures of Cultures Upon the Growing 
Qualities of the Same. 


538 BACTERIOLOGICAL TESTS AND CULTURES 


TABLE 94. 


Summary of Experiment to Determine Influence of Holding Temperature 
Upon the Growing Qualities of Cultures. 


. aa Number of days 
Number o ays} during which 
Number (of ) days) Sheld at tempera- Bleirese can be 
held at tempera- oa 
Temperature at ines tures indicated! kept at temper- 
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The results given in the above described experiment show 
plainly the great influence of holding temperature upon the grow- 
ing qualities of cultures. The best results are obtained where 
the cultures are kept in ice water. In practice even when the 
cultures are kept in ice water, a limit of one week should not be 
exceeded, before repropagating the culture. When held between 
32 and 45° F. the limit should not exceed two days. At 
temperatures above 45° F. the deterioration of the culture is so 
rapid, as to render such temperatures impractical for holding 
purposes. 


APPARATUS DESIGNED TO PROPAGATE PURE CULTURES. 


To W. O. Frohring, Director of Laboratories of the Telling- 
Belle Vernon Co., belongs the credit for the origin and develop- 
ment of the Mojonnier Culture Controller. The principles under- 
lying the construction and operation of this apparatus were 
established by him in a large plant devoted to the manufacture 
of numerous dairy products requiring the use of pure cultures, 


the principal being commercial buttermilk, cottage cheese and 
butter. 


The Mojonnier Culture Controller illustrated under Fig. 123 
places the propagation of pure cultures upon a scientific basis. It 
is a highly specialized apparatus by means of which all variables 
are eliminated. It makes the propagation of the culture a 
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definite and a simple operation. It eliminates the necessity of 
obtaining cultures from outside sources. Its great advantage is 
the fact that it insures a uniform culture from day to day. This 
in turn is reflected in the uniformity of the finished product, 
since a good culture is the starting point of a good finished 
product. 


Fig. 123. Mojonnier Culture Controller, Model ‘“‘B’’ 


DESCRIPTION OF MOJONNIER CULTURE CONTROLLER. 


It consists of two chambers. The chamber to the right is 
intended to hold a sufficient supply of ice to maintain a tempera- 
ture of 68° F. in the other chamber, over a considerable period 
of time. Or it is also furnished so that it can be used inter- 
changeably for ice, or for circulating brine through the lead coils 
placed in the chamber. Hither method works out satisfactorily 
in practice, and the choice is governed by the conditions prevail- 
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ing at the plant where the apparatus is to be used. The ice 
chamber also frequently serves as a refrigerator for holding the 
cultures after the same have been incubated. 
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Fig. 124. Cross Section, Mojonnier Culture Controller, 


A—Incubator Chamber. B—Refrigerator Chamber. C—Relay and Fan 
Motor Housing. 


With electro-thermostatic control showing cross section of the two com- 
partments, The arrows indicate complete circulation of air in the chambers. 
The relay cabinet on side insures positive and continuous control of tempera- 
tures in the incubation chambers. 


The chamber to the left is the incubating chamber. It can be 
used for the propagation of both Bacillus Lacticus which is 
incubated at 68° F., and of Bacillus Bulgaricus which is incubated 
at 98.6° F. When desired to change from one culture to the 
other, all that is necessary is to change the thermostat inside the 
chamber using the one that gives the proper temperature 
control. The incubating chamber is provided with a fan oper- 
ated by means of a motor, thus insuring uniform temperature 
in all parts of the chamber. It is fitted with heating elements of 
the proper design. Ports fitted with shutters connecting with the 
ice chamber makes possible the necessary air circulation. The 
temperature control is based upon the use of a mercury thermo- 


THE MojsonnigeR CuLture CONTROLLER 541 


stat operating with special design of relay. Only 1/100 of an 
ampere passes through the thermostat thus eliminating all oxida- 
tion at points of contact. The operation is entirely automatic. 

The ice chamber has a capacity of about 400 pounds of ice. 
The incubating chamber has a capacity of 54 quarts or bottles or 
12% gallons of milk, in one model, and 17 quarts or 414 gallons 
in another model. 


STERILIZER USED IN CONNECTION WITH THE MOJONNIER 
CULTURE CONTROLLER. 


The sterilizer that was 
especially designed for use in 
connection with the Mojon- 
nier Culture Controller is 
illustrated under Fig. 125. 
The quart culture jars can be 
both heated and cooled to the 
proper temperatures in it, 
and the entire design and 
arrangement is such as to 
facilitate this important op- 
eration. 


How to propagate cultures 
using the Mojonnier Culture 
Controller. 


Fig. 125. Sterilizer Recommended to Be The successive steps in the 
Used in Connection with the Mojonnier propagation of pure cultures 


Siena re ce need to be well understood, 
and the details of each step closely followed from day to day no 
matter how trivial the same may seem, otherwise satisfactory 
results cannot be obtained. 


The kind of media to use. 

Although the pure culture organisms will grow in a variety 
of different mediums, such as nutrient broth, gelatin, ete., the 
preponderance of evidence is in favor of the use of skim-milk 
of first class quality. Whole milk is the next best, but should not 
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be used if skim-milk is obtainable. If whole milk is to be used, 
remove as much cream as possible by the gravity method. Skim- 
milk produced by centrifugal or gravity methods,—the former 
method of course, being preferable. It is needless to say that 
this should be as fresh as possible, and of the best quality obtain- 
able. It is desirable that as little change as possible should have 
taken place in the milk, not on account of any danger from the 
organisms present, as the media is subsequently pasteurized, but 
on account of undesirable by-products that may be present where 
change has occurred as a result of chemical action wrought by 
bacteria differing from pure culture varieties. It is possible to 
have such chemical changes take place in milk which may later 
tend to have an inhibiting effect upon the growth of the Bacillus 
Lacticus organisms. The use of skim-milk of good quality, 
promptly sterilized, will eliminate the above factor. 


STERILIZATION AND PREPARATION OF MEDIA. 


Probably the most common method of sterilization in labora- 
tories is by means of steam pressure of 15 to 20 pounds for 
fifteen minutes to one half hour, in an autoclave. This method 
is a quick and positive means of sterilization, however, it has a 
decided disadvantage as a method of sterilizing milk used in 
propagating cultures. It is practically impossible to sterilize 
under pressure without causing an appreciable change in the 
milk. The most important change is probably in the milk 
sugar, which is caramelized more or less by the high temperature 
used during sterilization. In the metabolism of the bacteria 
during the process of growth, some of the milk sugar is changed 
to lactic acid. It would seem reasonable to conclude that any 
decided change in the milk sugar would be undesirable. This 
proves in actual practice to be the case, and can be easily 
demonstrated. At the same time a change takes place in the 
casein. This is not definitely understood at present, but all the 
evidence is in favor of the view that certain chemical changes 
take place in the casein molecule. While this is probably not 
so important from the standpoint of food material of the bacteria, 
yet it is very undesirable as it makes it next to impossible to 
judge accurately the degree of ripening by the extent to which 
the milk is curdled. Two possible explanations of the chemical 
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changes in casein due to heating are advanced. One theory is 
that part of the calcium is split off from the casein molecule. An- 
other theory is that the casein is partly dehydrated. The more 
change that has taken place in the casein the less it will be 
curdled, by the same amount of acid. A culture may thus be 
over ripe, and at the same time not set in a good firm curd. Due 
to these physical changes, the end point in ripening may be 
easily misjudged. Overheating of the milk probably causes 
changes in the mineral salts, and it exerts an unfavorable effect 
upon water soluble C vitamine, all of which may have some 
possible bearing upon culture development. 


By means of intermittent sterilization, the milk is heated 
to a temperature above 212° F. Heating for one hour at 212° F. 
will destroy almost all organisms, except the spore formers. By 
allowing the milk to incubate between the heatings, the spores 
are given a chance to vegetate, and by the end of the heating on 
the third day they are nearly all destroyed, being caught while 
in the vegetative or non-resistant state. This method of steriliza- 
tion has not the disadvantage of the one previously mentioned, 
and the heat may be applied uniformly. However, it has the 
disadvantage in time, and is not very practical for this purpose. 
Where the milk used as media is of first class quality, it will be 
found that heating to 170° F. for one and one half hours in the 
sterilizer described under Fig. 125, will be sufficient to insure 
good results. At the end of the heating period, cold water is to 
be turned into the sterilizer to displace the hot water, and the 
milk in the jars cooled as promptly as possible to about 68° F. 
It must be remembered that this cannot be called sterilization but 
rather high temperature pasteurization, and the results may not 
be an absolutely sterile media. However, where the milk is of 
first class quality the organisms left will be insignificant numeri- 
cally, and of a type that will cause no trouble in the culture if 
it is inoculated the same day. 


CULTURE JARS USED—HOW TREATED. 


Several types of culture jars can be successfully used. In 
some cases pint size or quart size milk bottles, sealed with a 
paper cap, are very successfully employed. Experience has 
proved that culture jars such as illustrated under Fig. 126 are 
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the most satisfactory to use. Both the jars and the covers can be 
successfully sterilized by inverting the same in the sterilizer 
described in this chapter (See Fig. 125) and heating with flow- 
ing steam. 


To seal the jars, parchment paper is placed 
between the lid and the jar. This paper can itself 
be sterilized by dipping it in hot paraffine, grain 
aleohol, or sodium hypochlorite. 


FILLING THE JARS WITH SKIM-MILK. 


After the jars illustrated under Fig 126 are 
thoroughly cleansed and sterilized they are 
weighed upon a balance, and for the quart size, 
750 grams of the sterilized skim-milk are added to 
each jar from the metal percolator suspended 
Fig. 126. Type of above the balance. This is done with all the jars. 
ga Culture Pint size jars are used where only a few cultures 

pagation. 
are made daily, and they may also be used for 
the culture held over to propagate the next day’s culture. 
Measuring may be done by volume if more convenient. The 
essential thing is to use a definite amount every day. Half gallon 
glass jars can frequently be used to good advantage. 


SEALING THE JARS. 


The method of sealing must accomplish the following results: 
(1). It must eliminate the possibility of bacteria getting into 
the milk after it is sterilized. 


(2). At the same time, it should not be so the air cannot 
expand without breaking the bottle while sterilizing, or form a 
vacuum when cooled. 


(3). It must protect a sterilized lip surface over which the 
culture is poured when emptying. 


(4). Itmust protect the lip surface while handling. 
(5). It must be air and water tight after inoculating. 
(6). It must protect against molds. 


All these things are accomplished by using the glass jars 
illustrated above. The method of sealing is as follows: 
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The jars with the covers must be first thoroughly cleaned and 
sterilized in an inverted position in the sterilizer using just 
enough steam pressure to insure circulation, and kept in this posi- 
tion until ready for use. After the proper amount of milk is 
weighed or measured into the jars, two circles of parchment paper 
previously sterilized, are placed over the jar opening, and the 
cover then placed in position and loosely clamped in place. 


STERILIZING OR HIGHLY PASTEURIZING THE MILK. 


Without further delay the jars of milk are placed in the 
sterilizer, and heated for one to one and a half hours at 170° F. 
using preferably, flowing steam. This has the advantage of 
heating the jars rapidly, and of reaching with the heat, all parts 
of the joint between the lid and the jar. However, it is usually 
equally satisfactory to use hot water of the temperature indicated, 
instead of flowing steam. At the end of the heating period the 
cold water valve is opened, and the jars with their contents are 
rapidly cooled to 68° F. without removing from the sterilizer. 
The media in the jars is now ready to inoculate. The inoculation 
should be done promptly, and before the media has undegone 
a change in temperature. The method to use in inoculating the 
media immediately follows. 


PREPARATION OF CULTURE PIPETTES. 


These pipettes are especially designed with bulb for holding 
cotton, and they are of 10 cc. capacity graduated to 1 ee. all 
being as illustrated under Fig. 127. The top, which is placed 
in the mouth, should be plugged (not too tightly) with the non- 
absorbent cotton. This cotton is for the purpose of preventing 
the possibility of contamination of the culture from the mouth, 
or saliva getting into the pipette. After the pipettes are 
thoroughly cleaned and the cotton plug is inserted near the 
upper end, they are wrapped in ordinary cheap wrapping paper, 
using just enough to cover them, and fastened by twisting the 
end. While thus wrapped, they should be sterilized either under 
steam pressure of 15 pounds for 15 minutes, or they may be 
steamed in the sterilizer under low pressure using streaming 
steam. They are kept wrapped after sterilizing and until ready 


to use. 
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HOW TO DETERMINE THE PROPER AMOUNT OF CULTURE TO 
ADD FOR A GIVEN LENGTH OF TIME OF INCUBATION. 


When starting out to use the Mojonnier Culture Controller, 
it is necessary to determine the amount of culture to be added 
in order to have the new culture ripened to the 
proper degree in a given length of time. This time 
should not be over 15 hours nor less than 8 hours. 
Prepare six quart jars containing 750 grams each 
of sterilized milk. After sterilizing, cooling and 
adjusting the temperature at 68° F., hold them 
at that temperature in the incubator until the 
regular time for propagating the cultures. This 
should not exceed one hour. At that time, to 
No. 1, add 3.75 grams of culture from the pipette ; 
to No. 2, 10 grams; to No. 3, 15 grams; to No. 4, 
20 grams; to No. 5, 25 grams, and to No. 6, 30 
grams. The bottles are then resealed. They are 
shaken up thoroughly, and placed in the ineu- 
bator, and left until the time convenient to take 
them out every day. At this time they should be 
removed from the incubator,—carefully, so as not 
to break the curd, and examined. The proper 
Fig.127. Pipette amount of culture to use every day is the quantity 
tr te tt placed in the bottle in which the milk is curdled 

Media. with a rather firm, jelly-like consistency without 
showing traces of whey on the top. This proportion should then 
be used and continued, unless the culture increases in strength, 
in which case the amount is reduced in proportion. 


TO BE 

PLUGGED 

WN War 

é *) NON-ABSOR BENT 
)) COTTON 


STERILIZED 


In this connection, it must be remembered, that, although the 
amount of culture may be changed to take care of the ripening in 
the desired length of time, the temperature at which the culture is 
incubated must never be changed. This, of course, means the eul- 
tures of the same type, for the Bulgaricus type requires a higher 
temperature as will be explained later. Ordinarily this will be 
sufficient range to find the proper amount for ordinary cultures 
where the incubating time is about 14 hours. 


A culture of ordinary strength should require the addition of 
about 15 grams to 750 grams of sterile milk in order to coagulate 
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or ripen the new culture properly in 14 hours. If less than these 
amounts are found to be sufficient it will indicate that the culture 
is possibly a little stronger, or more active than ordinarily. Of 
course, if it is necessary to add more than this amount, it will indi- 
cate that the culture is not as vigorous as the average. After the 
right proportion has been established, the same time and amounts 
should be used regularly. In this way, an increase or decrease 
in the activity of the culture can be quickly noted. It has been 
found that wherever practical the 12-14 hour incubation using 
15 grams of culture to 750 grams of milk gives the most satis- 
factory control. 

If the culture is of a good type, it will gradually tend to 
increase in strength or activity, and a decrease would indicate 
that it is either an undesirable strain of Bacillus Lacticus, or 
there is some mistake being made in the method of handling. 
Frohring has proved that when cultures are given improper 
environment, they may have sufficient life and vigor to reach 
the curdling point of milk, but not sufficient to pass through the 
logarithmic phase of growth. Be sure to see that the ice con- 
tainer is filled with cracked ice each time, and that the ther- 
mometer in the incubator shows that the temperature control is 
working properly. From the relation established by the trial 
propagation described above, it is also possible to arrive at the 
proper amount of starter to add to the big starter can, or to the 
finished product to be ripened. Since the temperature in these 
subsequent operations is generally not under as exact control as in 
the culture controller, a slight ditference in the relation may be 
noted. However, this may easily be determined by observation 
of the first ripening. 


FINAL SEALING OF CULTURE JARS. 


After the proper amounts of culture has been added to the 
jars of milk to be incubated, the parchment paper and the glass 
top are replaced upon the jars, care being taken that the milk 
in the jar does not become contaminated. The jars are then 
tightly sealed, and the tops of the same properly dated. 


INCUBATION. 


After the final sealing, it is very important that each jar be 
well shaken to mix the culture with media. The jars are then 


548 BACTERIOLOGICAL TESTS AND CULTURES 


placed in the incubator which is kept in operation at 68° F. The 
ice container should be filled with block ice; the door on the 
refrigerating chamber closed tightly; the shutter between it and 
the ineubating chamber should be opened to the proper degree, 
and the fan in the incubating chamber set in operation. The 
jars should not be disturbed, or the incubator door opened until 
the time of incubation has passed, which is usually 12 to 14 hours. 


COOLING. 

After removing the jars containing the culture from the 
inecubator,—being careful not to break the curd, they should be 
quickly cooled by placing in the sterilizer to which has been 
added water containing a generous amount of ice. They must be 
kept in ice water but not frozen, until ready for use. A culture 
may be all right to use after being in ice water for as long as 
one week, and sometimes even longer, but the best results are 
obtained when the cultures are used within 48 hours of ripening. 
The cultures to be used in re-propagating should be given special 
attention, and as a rule should be reinoculated at least every 
other day. They should be stored in ice water. 

When the desired length of time has intervened for incubation, 
the milk should be found coagulated to about the consistency of 
jelly, without the presence of any whey. The whey indicates 
over ripeness which if continued will weaken the culture. 

Overripening of the culture is undesirable since the culture is 
carried through the phase following the logarithmic phase, after 
which the culture may reach the phase of accelerated death in 
which the organisms die off very rapidly. The appearance; 
occasionally of a small amount of whey on one or two cultures 
should not indicate that the ones having this whey are not all 
fit to use, however, if this continues, either the time of incubation 
should be shortened or the amount of culture added decreased, 
preferably the latter. The best way is to run another trial batch 
as described above, using the same time of incubation, and vary- 
ing the amount of culture added to each of the trial jars. At no 
time should the culture show the presence of gas forming organ- 
isms which is indicated by the presence of bubbles or ‘‘pin heads’’ 
in the curd. 

When ready to inoculate again, the cultures kept for this 
purpose are taken from the ice water carefully wiped dry with 
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a clean cloth, and the same precedure carried out with the 
exception of course, of the trial incubation. It is always a good 
plan to have one extra culture which may be left in the ice 
container in case of an accident to the growing culture such as 
the power being turned off, and the temperature going down too 
low for ripening. 

The propagation of B. Bulgaricus is conducted the same as 
described above, excepting that the thermostat in the incubating 
chamber is changed from 68 to 98.6° F. 


A BRIEF SUMMARY OF DIRECTIONS FOR OPERATING THE 
MOJONNIER CULTURE CONTROLLER. 


(1). Jars to be thoroughly cleaned and steamed. 

(2). Secure best fresh milk or skim-milk available, pref- 
erably the latter. Pour off or remove the cream so that approxi- 
mately 750 grams of skim-milk are left in the jar. Weigh off 
exactly this amount in each jar. 

(3). Place the jars containing the milk in the sterilizer, and 
heat to 190° F. for one hour, if short of time. Preferably heat to 
170° F. for one hour and a half. 

(4). Cool the skim-milk in the jars until it has a temperature 
of 68° F. 

(5). Remove the cap and inoculate with the exact amount of 
culture found necessary by previous experiment. 

(6). Replace the caps and seal the jars. Shake the jars 
thoroughly. This is very important. Jars cannot be shaken 
too much. 

(7). Place the jars in the incubator. 

(8). Turn on the fan and the thermostatic control; close 
doors tightly, and leave the jars undisturbed for 14 hours. Make 
sure that there is plenty of ice in the ice compartment. 

(9). At the end of incubating period examine the jars, and 
see that a heavy culture is produced. It should not show the 
presence of any whey on the top, or any signs of gas. 

(10). Place the jars in the ice chamber with plenty of cracked 
ice, or preferably keep it in ice water. Do not allow it to freeze. 
Culture is now ready to use. 

(11). Always keep in reserve one jar to make succeeding 
inoculations of the mother culture. 
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THE APPLICATION OF PURE CULTURES TO THE 
MANUFACTURE OF BUTTERMILK. 

In the manufacture of commercial buttermilk, there are 
various essentials that must be kept under careful control if the 
desired results are to be obtained. The success of the business 
will depend upon the ability to produce buttermilk with a good 
aroma, and a good flavor; one that is free from gas, and that 
will not separate, but that will remain smooth and creamy. Such 
a result can only be obtained by the application of scientific 
methods of control, in its manufacture. 

The factors of the greatest importance are: 

(1). The use of a culture of the desired bacteria. This can 
be obtained and maintained only if propagated under conditions 
insuring uniform temperature control. 

(2.) A proper understanding of the process underlying the 
care, propagation and application of pure cultures as related to 
the production of buttermilk. 

(3). The use of skim-milk of the proper quality, the same 
to be successively pasteurized, cooled, inoculated, propagated, 
cooled again, and finally bottled at a low temperature. Butter 
fat may, or may not be added depending upon the trade 
requirements. 


y 


QUANTITY OF CULTURE TO USE. 


The method of determining the quantity of culture to use as 
outlined earlier in this chapter, and which method is used so 
successfully by Frohring, is especially recommended. The suc- 
cess of the method hinges upon the use of a strain of culture of 
unusual vigor due to having been propagated under ideal con- 
ditions over a large number of unbroken generations. The 
potential ripening possibilities of such a culture is much greater 
than in the case of ordinary Cultures produced under usual 
factory conditions. A culture propagated under these ideal 
conditions possesses the ability to reach and pass through the 
logarithmic stage of growth in minimum time. 

Highly satisfactory results are obtained in practice by using 
two quarts of culture propagated as described above to every 100 
gallons of skim-milk. The use of such a limited amount of culture 
effects several economies. Jntermediate propagations between 


CoMMERCIAL APPLICATION 551 


the Culture Controller and the skim-milk to be inoculated can 
be entirely dispensed with. This makes it possible to propagate 
sufficient culture for relatively large amounts of buttermilk in 
the Culture Controllers only. No harm is likely to result if 
more than .50 per cent of culture is added, but the limit should 
be 2.00 per cent. When using .50 per cent of culture great care 
must be taken to thoroughly distribute the culture in all parts of 
the skim-milk. 


WATER TO ADD TO THE SKIM-MILK. 


A good quality of skim-milk must be used. It is seldom 
possible to make a satisfactory product if the skim-milk is 
derived entirely from skim-milk powder. Fat may or may not 
be added in the form of milk, or cream, depending upon the kind 
of butter milk that it is desired to make. A high quality of 
commercial skim-butter milk is obtained when 10 per cent of 
water is added to the skim-milk before pasteurizing. The product 
thus obtained is of the viscosity usually demanded. 


Fig. 128. Buttermilk Machine. 
Courtesy Creamery Package Manufacturing Co. 


HOW TO PASTEURIZE, INOCULATE AND INCUBATE THE 
SKIM-MILK. 


The skim-milk obtained as above is heated in a suitable butter 
milk vat; either tinned copper or glass enameled, to 190° F., held 
at this temperature for one hour, and cooled promptly by means 
of both well water and ice water, or brine to about 70° F. Equally 
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satisfactory results are obtained if the skim-milk is heated to 
170° F. for one hour and a half and then promptly cooled as 
described. 


Es 


Fig. 129. Buttermilk Machine. 
Courtesy J. G. Cherry Co. 


At this point the culture is added at the rate of two quarts 
to every 100 gallons. This refers to the culture propagated in 
the Mojonnier Culture Controller by the use of methods de- 
seribed in this chapter. The use of so little culture could not 
be advocated if the culture is obtained from different sources. 
The mixture is now thoroughly agitated for half an hour, and the 
cooling is continued to 68° F. The agitation is now stopped, 
and the milk in the vat held at 68° F. without agitating it, for 
about 14 hours. In practice the best plan is to so prepare the 
skim-milk that the pure culture can be added to it at about 
5 p. m. At 7 a. m. the batch is then completely incubated, 
provided the proper method was used throughout. If the milk 
is propagated below 68° F. a bitter flavor may develop, and if 
over 68° F. gassy fermentation may result. In summer the 
incubation should be started when the milk is a little under, 
and in winter a little over 68° F. This is of course, on account 
of the tendency of the milk to go to a temperature approaching 
room temperature. The critical point at the end of the ripening 
process is the point where whey begins to appear upon the top 
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of the milk. When the ripening is properly completed the curd 
will break clear and sharp when a spoon is inserted into the 
coagulated mass. The acidity at this point will be about .70 per 
cent. 


Fig. 130. Pfaudler Buttermilk Tank. 
Courtesy The Pfaudler Co. 


The agitation after ripening must not be too violent, nor 
carried on too long, as there is danger of a physical separation 
of the curd. The use of a centrifugal pump in handling the butter- 
milk should be avoided on account of its tendency to cause 
mechanical separation of the curd in the buttermilk. 

After the inoculation and agitation are complete, the butter- 
milk should be cooled immediately to at least 50° F., preferably 
under 50° F., but not under 40° F., and kept cold until delivered 
to the consumer whether in bottles or in bulk. If the buttermilk 
is cooled under 40° F., there is danger of freezing, causing ice 
erystals and subsequent dehydration of the casein which changes 
the physical properties of the product. 

All utensils must be kept clean and sterile and well tinned, 
otherwise bad flavors may be introduced into the product. 


HOW BULGARICUS CULTURES ARE USED. 


Bulgaricus cultures are added for the purpose of giving to the 
buttermilk a characteristic sharp flavor, and particularly for 
advertising purposes in order to call the product Bulgarian 
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buttermilk. Equally good results are obtained without using 
any Bugaricus culture, and its use is largely upon the decline. 


HOW ACIDOPHILUS CULTURES ARE USED. 


The Bacillus Acidophilus is similar to Bacillus Bulgaricus in 
appearance, but it will produce usually not more than one per 
cent of acid in milk. It has the power to attack maltose with 
acid formation, which power the Bulgaricus organism lacks. 


The Acidophilus culture produces buttermilk having a mild 
acid flavor and smooth, creamy richness. It is claimed to possess 
in a high degree, those health promoting properties for which 
pure cultured buttermilk is noted. 

The methods of culture are similar to those given in the pre- 
ceding paragraphs. The skim-milk is pasteurized at 190° to 195° 
F. for one hour, and then cooled to 100° F. The pure Acidophilus 
culture is now added in the proportion of 15 ¢.c. to 750 ¢.c. of 
the pasteurized skim-milk. The bottles are then sealed and incu- 
bated for 18 to 20 hours at 98.6° F., or until the milk is firmly 
coagulated. 

To produce Acidophilus buttermilk, the best results are ob- 
tained by pasteurizing clean, fresh, whole or skim-milk at about 
210° F. for two hours; then cooling down to 98.6° F., and inocu- 
lating with the pure culture, using one quart bottle containing 
about 765 e.c. of culture, well mixed, to each ten gallons of the 
pasteurized milk. Incubate for 18 to 20 hours at 98.6° F. A thin 
layer of whey usually is present, on top of the coagulated milk. 
The acidity of the mixed mass is about .75 per cent. The batch 
is agitated until the product is of a smooth, creamy consistency ; 
cooled to 35° to 40° F., and bottled. 

Bacillus Acidophilus fermented milk was first prepared in the 
Bacteriological Laboratories of Yale University, and was patented 
Aug. 26, 1924, by Rettger and Cheplin. 


HOW TO PREVENT WHEYING-OFF, OR SEPARATION IN 
BUTTERMILK. 


It sometimes happens that the coagulated constituents in 
buttermilk will settle slightly upon standing, either in bottles 
or in cans, after the incubation and the cooling of the product 
have been completed. This will cause the appearance of a small 


ComMMERCIAL, APPLICATION 555 


layer of whey upon the top of the container. Sometimes this 
defect is objectionable, but as a rule by simple agitation the 
product can all be remixed. Inasmuch as this defect has no 
effect upon the flavor, remixing restores the buttermilk to its 
original condition. This defect sometimes occurs in the opposite 
direction than as indicated above,—namely the water appears 
upon the bottom instead of upon the top of the container. Butter- 
milk containing no fat, or but little fat generally wheys off upon 
the top. That containing much fat wheys off upon the bottom. 
The difference is due to the relative density of the curd, in the 
two cases. Buttermilk in which the curd contains the proper 
amount of fat to balance the specific gravity of the milk serum 
obviously will not whey-off so readily. This relation at the 
present time is not well established. 

The exact cause of wheying-off is not clearly understood at 
this time. The two most important factors causing this defect 
are over-ripening and insufficient cooling after incubating. Other 
important factors are the use of too much starter, the use of 
skim-milk of inferior quality, the use of skim-milk containing 
too much fat, and too high holding temperatures. 

This emphasizes the importance of proper incubation as already 
described, and of prompt cooling at the close of the incubation 
period to at least 50° F., and keeping the buttermilk at this low 
temperature until used. Likewise only skim-milk with a low fat 
content, of good flavor, and of good quality should be used. 


THE APPLICATION OF PURE CULTURES IN THE 
MANUFACTURE OF COTTAGE CHEESE. 

The manufacture of cottage cheese is in many respects similar 
to the manufacture of buttermilk. The pure culture is added, 
in the same amounts as when manufacturing buttermilk; the 
propagation is continued at 68° F. for about 14 hours, or until 
the titratable acidity amounts to about .8 per cent. The coagu- 
lated milk is now gently heated to about 95° F., taking thirty 
to forty minutes, and the liberated whey is drained off. The 
process of manufacture is then continued as usual, and is 
subject to several modifications that influence the composition, 
and also the physical properties of the product. 

The yield of cottage cheese ranges from 15 to 22 pounds per 
100 pounds of skim-milk depending upon the composition of the 
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skim-milk used, and the methods of manufacture employed. The 
total solids vary between quite wide limits, ranging from 
20 per cent to 30 per cent. By using more scientific methods of 
control a product more uniform in composition can be manu- 
factured. The reader is especially referred to the works of Hall, 
Van Slyke and Hart?*, and Stocking”, for more detailed informa- 
tion upon this subject. 


THE APPLICATION OF PURE CULTURES IN THE MANUFACTURE 
OF BAKERS’ CHEESE AND POT CHEESE. 


These are soft cheeses and the same are fully described by 
Stocking.?” 

In the ease of bakers’ cheese, Stocking recommends the use 
of from 1 to 3 pounds of culture for every 1000 pounds of milk. 
Likewise the addition of from 14 to %4 ounce of rennet dissolved 
in water in the proportion of one part of rennet to forty parts of 
water. The ineubating period is from twelve to fifteen hours, at 
a temperature of 75° F. The titratable acidity is then about .45 
to .50 per cent. The curd is separated without heating. 

In the case of pot cheese, Stocking recommends the use of 
from .50 to 5.00 per cent of culture. The skim-milk from the 
separators is cooled to about 80° F. before adding the culture. 
The separation of the curd is hastened by heating slightly, before 
removing the whey. 7 

The curd from either bakers’ cheese or pot cheese can be used 
to make cottage cheese. 


THE APPLICATION OF PURE CULTURES IN THE MANUFACTURE 
OF CHEDDAR CHEESE. 


The principle underlying the manufacture of all kinds of 
cheese is based upon condensing certain of the milk solids by 
separating the same from the water and certain other solids 
contained in the milk. 

If properly used pure cultures may be of very great value in 
the manufacture of either American Cheddar Cheese or of 
many other types of cheese. The pure culture inhibits the growth 
of undesirable bacteria and hastens the proper ripening of the 
sweet milk. Only the best and purest culture should be used. 


The presence of undesirable bacteria may later cause serious 
defects in the cheese. 
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According to Stocking, ‘‘ordinarily from 2% to 5 per cent of 
culture will be sufficient to give the desired results.’? The 
growing power of the culture is no doubt a large factor in 
determining the quantity to use. 

The use of pure culture in cheese making helps to develop 
sufficient acidity to make it unnecessary for the curd to remain 
in the whey longer than is desired for the best results. The 
proper degree will usually be shown by an acid test of .19 to .21 
per cent. At this point both color—if any is desired, and rennet 
or pepsin are added. 

The principles enumerated for making cultured buttermilk 
can be applied with marked advantage in the manufacture of 
cottage cheese. This applies particularly to the advantages 
derived from pasteurizing the milk before adding the culture, 
the quantity of culture to use, and the temperature to employ. 


THE APPLICATION OF PURE CULTURES IN THE 
MANUFACTURE OF BUTTER. 


One of the most important applications of pure cultures is 
in the butter industry. A good quality of culture inhibits the 
growth of bacteria that may cause the development of bad flavors 
in the butter, and it in itself helps to insure a good flavor in the 
finished product. These advantages are especially apparent in 
the case of butter that is held for some time before being 
consumed. 


Through the courtesy of the Telling-Belle Vernon Co.’’, 
we give outline of method used by them in applying cultures in 
making butter. 


In the ease of cream that is to be churned the day that it is 
received, the cream is neutralized to about .16 to .18 per cent of 
acid. The neutralizer is added after the cream has been cooled 
from pasteurizing temperature to a temperature of about 90° F. 
Great care is taken to mix the neutralizer properly with the 
cream. The reader is especially referred to Hunziker” for 
detailed information regarding the best methods of neutralizing 
cream. After neutralizing, about ten per cent of pure culture is 
added, and the cream is cooled immediately to 48 to 52° F. 
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It is held at this temperature for 3 to 4 hours, at which time the 
acidity is about .23 to .24 per cent, and the cream is then churned. 


In the case of cream that is to be held over night, the pro- 
cedure is slightly different than that outlined above. After 
pasteurizing, the cream is cooled from pasteurizing temperatures 
to about 90° F. The cream is now neutralized carefully to a 
final acid content of .10 per cent. The cream is then cooled to 
52° F., and about 7 per cent of pure culture is added. The cream 
is held for about 12 hours, at the end of which time the acidity has 
reached about .30 per cent. The cream is now churned, and it 
yields a high quality of butter. The cream is held over night 
as described above, whenever this is possible. 


THE APPLICATION OF PURE CULTURES IN THE MANUFACTURE 
OF SOUR CREAM AND HEBREW CREAM. 


Sour cream and Hebrew cream are products for which there 
is a growing demand in many markets. The following methods 
will yield very satisfactory products. 


(a). Sour Cream, A good quality of 18 per cent cream is 
pasteurized by heating and holding at 140° F. for 30 minutes. 
After prompt cooling to 68° F. two per cent of pure lactic acid 
culture are added, and thoroughly mixed with the cream. The 
mixture is now bottled; held overnight at 68° F. promptly 
cooled to 45° F., and then delivered to the consumer. This com- 
mands the same price as fresh cream of about equal fat test. 


(b). Hebrew Cream. Pasteurize, cool and add two per cent 
of pure culture to 10 gallons of skim-milk. Ripen at 68° F. for 
14 hours. Heat to about 80° F. until a soft curd is obtained. 
Draw off about half of the whey. Add the remaining whey with 
the curd to 20 gallons of 30 per cent cream. Homogenize the 
mixture at 68° F., hold at this temperature for three hours, and 
then cool to 45° F. before delivery to the consumer. This prod- 
uct also commands about the same price as fresh cream of equal 
fat test. 
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CHAPTER XVII 


ANALYSIS AND MISCELLANEOUS TESTS 
OF DAIRY PRODUCTS 


Methods for determining the percentages of fat and solids in 
dairy products are given in Chapters III, VII, VII. ‘This 
chapter contains methods for determining the percentages of 
other constituents of milk and its products and various tests of 
value in the dairy industry. 


Fig. 132. Specify Gravity Chainomatic Balance. 
Courtesy Christian Becker Co. 


SPECIFIC GRAVITY DETERMINATIONS. 

Equal volumes of the same, or of different milk products, 
usually do not have equal weights. This is due both to difference 
in the quantity of solid matter present and to differences in the 
density of the various components of the solid matter. 

| Sol) 
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In the metrie system the unit of volume is the cubic centi- 
meter, and the unit of weight is the gram. 


A mass of one gram of water at its temperature of greatest 
density (4°C.) has a volume of 1 cubic centimeter, and the specific 
gravity of a substance is the weight of one cubic centimeter ex- 
pressed in grams. Therefore, it follows that the specific gravity 
of water at 4°C. equals 1. The specific gravity of any other 
liquid, or of a solid, may be obtained by dividing the weight of any 
volume of it by the weight of an equal volume of water. 


When the temperature of water changes in either direction 
from 4°C. the volume expands and its specific gravity decreases. 
In practice, however, it is customary to make specific gravity 
determinations at 15.55° C. (60° F.) and to assume that water at 
that temperature has a specific gravity of 1. 


The specific gravity of liquids is most accurately determined 
by using a specifie gravity bottle, and a delicate chemical balance. 
The best form of specific gravity bottle is fitted with a ther- 
mometer that also serves as a ground glass stopper, the bulb of 
the thermometer extending down into the center of the body of 
the bottle. A side arm with capillary tube opening and extend- 
ing upward a short distance from the shoulder permits the bottle 
to be filled completely. é 


Before making a determination the bottle must 
be thoroughly cleaned, dried, and cooled to the 
temperature to be used in the determination, until 
its weight is constant. It is then weighed ac- 
curately on the chemical balance and the weight 
is recorded. The bottle is then filled with water 
and brought to the temperature it had when it 
was first weighed. The bottle is wiped dry, 
cy aril Specie Weighed and the weight recorded. The exact 

" temperature of the water in the bottle when the 


Courtesy Arthur | 
H. Thomas Co. weighing is made should be noted. 


The bottle is then emptied, rinsed free of water with some of the 
liquid the specific gravity of which is to be determined, and 
finally filled with the liquid, wiped dry and weighed. The 
weight of the liquid divided by the weight of the water gives the 
specific gravity of the liquid. If milk ig the liquid under observa- 
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tion, great care must be taken to have it thoroughly mixed before 
rinsing and filling the bottle. 


A Sprengel Tube may be used in place of 
a specific gravity bottle. It is a U shaped 
glass tube, holding about 15 ee., the free 
ends being drawn to narrow eapillaries and 
bent outward at right angles. Ground glass 
caps are fitted to the free ends and a line to 
be used in exact adjustment of the liquid, is 


etched on one of the capillary tubes. Pig 1s40 Gpreicel rate 


ee . A Courtesy 
In determining the specific gravity of ,.tnur t Thomas Ga. 


milk the weight of the empty dry tube is 

accurately determined. The tube is then filled with water and 
weighed again after bringing its contents to the desired tempera- 
ture by immersing the tube in water the temperature of which 
is controlled at 15.5° or 20° C. as desired. The operation is then 
repeated placing the milk in the tube in place of water. Divide 
the weight of the milk by the weight of the water to obtain the 
specific gravity. 


The Westphal balance is an instrument devised especially for 
the purpose of making specific gravity determinations of liquids. 
It consists of a perpendicular rod supporting a beam that has a 
glass plummet suspended at one end and a pointer attached to 
the other. When the plummet is suspended in the air the pointer 
indieates zero. When the plummet is immersed in a liquid its 
weight is decreased in amount equal to that of the liquid dis- 
placed. The arm carrying the plummet is provided with notches 
and respective riders which indicate definite weights. The riders 
are added until the loss of weight due to the displaced lhquid is 
overcome and the pointer again rests at zero. The sum of the 
weights represented by the riders used equals the weight of the 
liquid displaced. The weight of the liquid displaced, divided by 
the weight of water displaced when determined in a like manner, 
gives the specifie gravity of the liquid. A single weight is pro- 
vided with the instrument which brings the pointer to zero when 
the plummet is suspended in water. The temperature of the 
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liquid and the water should be the same (15.55° C.) when the 
determination is made. 


Determining the specific gravity of 
milk by means of lactometers :—Hy- 
drometers are instruments used for the 
purpose of determining the specific 
gravity of liquids. They consist of hol- 
low cylindrical shaped bodies of glass 
weighted at one end with shot or 
mereury and drawn out to a long nar- 
row stem at the other end. The weight 
is added to make the instrument take 
a perpendicular position when it is 
floated in a liquid. The stem contains 
a scale that indicates the specific grav- 
ity of the liquid. In the better form 
of instrument the bulb of a thermome- 
ter is sealed in the lower end, the stem 
of the thermometer extending up through the hollow body and 
the thermometer scale appearing in the stem of the hydrometer 
above, or on the side opposite the hydrometer scale. 


Fig. 135. Westphal Balance. 
Courtesy Arthur H. Thomas Co. 


Lactometers are forms of hydronieters made for the purpose 
of determining the specific gravity of milk. While the results ob- 
tained by their use are not quite as accurate as those obtained by 
means of a delicate balance, they enable an operator to make a 
large number of specific gravity determinations in a comparatively 
short time with sufficient accuracy to serve the purpose of routine 
inspection work. 


Several different lactometers have been devised in this country 
and Europe. They all depend upon the same principle, namely, 
that bodies floating in a liquid displace a mass of the liquid equal 
to their weight. The only real difference between the varieties of 
lactometers is in the graduations on the lactometer scale. 


Only two kinds af lactometers have come into general use in 
the United States. They are the Quevenne lactometer and the 
N. Y. State Board of Health lactometer (B. of H. lactometer) The 
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Quevenne instrument derives its name from the man who invented 
it. The scale in its stem is graduated from 15 at the top to 40 
at the bottom, each graduation representing a difference of 1.0 on 
the lactometer scale. When the instrument is floated in milk 
of average composition the reading on the seale at the surface of 
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Fig. 136. Fig. 137. Fig. 138. 


Quevenne Lactometer. Baume Hydrometer. N. ¥. Board of Health or 
Spence Lactometer. 


the liquid should be about 32. By prefixing ‘‘1.0”’ to the lacto- 
meter reading, the specific gravity is obtained. Thus the specific 
gravity of average milk is 1.032. A vessel that holds exactly 
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1000 pounds of water when full would hold 1082 pounds of milk 
of average composition. It is considered that the Quevenne lacto- 
meter reading of pure milk should not fall below 29.0. 


Lactometers are made to show correct readings at 60° F. In 
practice, however, it is permissible to make the lactometer reading 
when the temperature is within 10° of 60 either above or below. 
As changes in temperature affect the density of liquids, it is 
then necessary to make a temperature correction. The correction 
on the Quevenne scale is made by adding 0.1 to the lactometer 
reading for each temperature degree above 60° F. and to subtract 
0.1 from the lactometer reading for each degree below 60° F. 
Assuming that the Quevenne lactometer reading of a sample of 
milk was 31 at 67° F., the correction to be added would be 0.7. 
Then 31.0+-0.7=—31.7. And the specific gravity of the milk would 
be 1.0317. 


Shaw and Hckelst devised a modification of the Quevenne 
lactometer the graduations of which indicate variations in specifi¢ 
gravity as small as 1 in the fourth decimal place. Such an instru- 
ment must have a very slender stem and large body, which makes 
it very fragile, and while it can be used sometimes to advantage 
in the laboratory, the stronger though less accurate instrument is 
favored for general inspection work. 


The B. of H. lactometer, somtimes known as Spence’s lacto- 
meter (from the name of the man who devised it) has a scale 
that is graduated from 0 to 120. There are 60 divisions in the 
seale, each division equaling 2 B. of H. lactometer degrees. When 
the instrument is floated in water the 0 point on the scale is 
located at the surface of the liquid, and when it is floated in 
milk of average composition the reading at the surface of the 
milk is about 110. The instrument shows correct readings in milk 
at 60° F., but when the temperature of the milk is within 10 de- 
grees of 60 a correction factor may be used. The correction is made 
by adding 1.0 to the lactometer reading for each 3° F. above 60 
and subtracting 1.0 for each 3° F. below 60. Thus if a emple 
of milk gave a B. of H. lactometer reading of 112 at 51° F. it 
would read 109 at 60° F. 
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The relation between the lactometer scales. A reading of 29 
on the Quevenne scale corresponds to a reading of 100 on the B. 
of H. seale. Therefore 1 on the B. of H. scale equals 0.29 on the 
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Fig. 139. Relation between B. of H. Lactometer, Quevenne Lactometer, 
Specific Gravity, Twaddell and Baume Scales. 


Quevenne scale. (29--100—0.29.) To convert the B. of H. read- 
ing to the Quevenne reading, multiply the B. of H. reading by 
0.29. Then, by prefixing ‘‘1.0’’ to the product the specific gravity 
is obtained. 
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As a result of the extended study of the density of pure milk 
it has been learned that the lactometer readings with rare excep- 
tions fall between 29 and 33.5 for the Quevenne lactometer and 
between 100 and 116 for the B. of H. lactometer. But a correct 
lactometer reading alone is not a guarantee of purity, as removing 
a part of the fat increases the reading and the addition of water 
decreases it. By operating skillfully the lactometer reading may 
be held constant as long as any fat is present. For this reason 
experienced inspectors depend to a considerable extent upon the 
appearance of the milk, especially the richness of the coating and 
the rate of its flow off of the lactometer when the instrument is 
removed from the mass of milk. If the coating appears thin a 
sample may then be taken for chemical analysis. 


The relative effect of fat and solids not fat on the lactometer 
reading. The fat is the lightest solid that milk contains. Any 
increases in its percentage, without an increase in the other 
solids, tends to lower the lactometer reading. It happens that, in 
the elaboration of milk in the udder of the animal, when an in- 
crease in the fat occurs, there is also a sufficient increase in the 
solids not fat to a little more than offset the lowering of the 
density occasioned by the increase in fat. Therefore, it is 
normally found that naturally rich milk gives a higher lactometer 
reading than poor milk. If the percentage of fat rises much 
above 6%, however, the increase in solids not fat is usually not 
enough to counterbalance the fat and the lactometer reading is 
then lowered a little. 


The relative effect of the percentages of fat and solids not 
fat on the density of the milk may be explained by an example. 
Suppose that a sample of milk containing 4 per cent of fat and 
9 per cent of solids not fat gives a Quevenne lactometer reading 
of 38, and that after all of the fat is removed by skimming the 
lactometer reading is 37. The increase in density due to the 
removal of the fat is 4 on the lactometer scale. As there was 
4 per cent of fat in the milk each per cent of fat caused a decrease 
of 1 on the lactometer reading. The whole milk contained 96 
parts of skim-milk (milk serum) and 4 parts of fat, but when the 
fat was removed the remainder was 100 parts skim-milk. As the 
whole milk contained 9 parts of solids not fat the solids not fat in 
the skim-milk may be calculated by the following proportions: 
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SOs LOOM a 9X 

X=9.37, or the percentage of solids not fat in the skim-milk. 

If there were no solids not fat in the skim-milk the remainder 
would be water and the lactometer reading would be 0. There- 
fore 37, or the lactometer reading of the skim-milk, divided by 
9.37 gives the effect of 1 per cent of solids not fat in increasing 
the lactometer reading. 

37.00-+9.37=3.94, or the increased reading due to 1 per cent of 
solids not fat. 

As it was shown above that 1 per cent of fat decreased the 
lactometer reading 1, it appears that 1 per cent of solids not 
fat has 3.94 times the effect in raising the reading that 1 per 
cent of fat has in lowering it. 

The use of formulas in calculating the composition of milk. 
When the percentage of fat in a sample of milk and the lactometer 
reading are known the approximate composition may be derived 
by the application of a formula. As a result of much study 
different formulas have been developed by Fleischmann, Rich- 
mond, Babcock and others. Babcock’s formula is more generally 
used in the United States. 


Babcock’s formula: 
ioe | 
oi, +.2F=solids not fat. 
Another formula which gives good results especially with 
naturally rich milk is the following: 
2.) L+F 
ie ate =solids not fat. 
L=Quevenne lactometer reading at 60° F. 
F=Per cent of fat. 
The following example shows the application of formula (1). 
A sample of milk contained 3.60 per cent of fat and gave a lacto- 
meter reading of 31.6. What was the percentage (a) of solids 
not fat, (b) of total solids, (¢) of water. 
31.6-4=7.9 
3.6% 2=0.72 
7.9+0.72=8.62, or per cent of solids not fat 
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8.62-+3.60=12.22, or per cent of total solids. 
100.00—12.22=87.78, or per cent of water. 
Another formula? for calculating the solids not fat in milk 


when the N. Y. State Board of Health lactometer is used, is the 
following: 


i F ; F 
a= pa — =§. N. F. in which 
| Gao") 3| sc 


L=N. Y. Board of Health lactometer reading, 
K=per cent of fat. 


This formula gives fairly good results with milk of average 
composition and with rich milk but the results are hable to be 
a little too high when it is used on milk of low solids content. 


Lactometers used to determine the specific gravity of concen- 
trated milk product. The determination of specific gravity is 
frequently of very great importance in arriving at the approxi- 
mate total solids content of various concentrated milk products. 
The lactometers most commonly used for this purpose are the 
Baume and the Twaddell. In order to permit of closer readings, 
the practice is to make lactometers of various ranges, to suit the 
products upon which they are to be used. Im the ease of the 
Baume lactometer, the ranges given in Table 95 are those most 
commonly used. 


TABLE 95. 
Range of Baume Lactometers with Products Upon Which They Are to Be 
Used. 
ue ponding Corresponding E 
upon scale 60° F. specific gravity Name of products upon which lactom- 
1/10 degree a ae eters are to be used. - 
divisions. , 

0 to 15 1 to 1.1154 Evaporated milk, plain condensed 
milk, ice cream mix, condensed but- 
termilk. 

15 to 27 1.1154 to 1.2288 | Extra heavy plain condensed milk 
and light sweetened condensed 
milk. 

27 to 36 1.2288 to 1.3302 | Sweetened condensed whole and skim- 
milk, 
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The corresponding readings, with converting formulas upon 
true specific gravity, Baume and Twaddell scales are given in 
several tables in appendix, covering a wide range. This affords 
a ready means of converting one scale into another. A compari- 
son of the scale readings of the different instruments used in 
determining the specific gravity of milk and its products is 
shown in Fig. 189. 


CALCULATING THE PERCENTAGE OF ADULTERATION WHEN 
MILK HAS BEEN SKIMMED OR WATERED. 


The forms of milk adulteration that are practiced most fre- 
quently are watering and skimming. They may be very difficult 
to detect where the adulteration is small, and especially difficult 
when there is no means of learning the composition of the 
original pure milk. This must be known where accurate calcu- 
lations are to be made, and it is necessary to also know the per- 
centages of fat and solids not fat in the adulterated sample. The 
latter may be determined by any of the means of analysis at hand. 
In routine work where the aim is to obtain the approximate com- 
position of a large number of samples the solids not fat may be 
determined by means of the formulas given on page 562. 

In the absence of means for determining the composition of the 
original pure milk, it becomes necessary to take as a basis for 
the calculation, the prevailing standard fixed by Legislative or 
Health Board enactments for the location where the adulterated 
milk was exposed for sale. 


Calculating the percentage of fat removed by skimming. 
Subtract the percentage of fat found in the suspected sample 
from the percentage of fat in the pure milk, or in the absence 
of this information, subtract it from the percentage fixed as a 
standard. Then divide the difference by the percentage of fat 
in the pure milk, or by the standard as the case may be. Multiply 
the quotient by 100 and the product equals the percentage of 
fat that was removed by skimming the pure milk. 

Problem: Suppose that a sample of partially skimmed milk 
contained 2.8 per cent of fat, and that before it was skimmed 
it contained 3.8 per cent of fat. What percentage of the fat was 
removed by skimming ? 
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Solution: 
3.80—2.80=1.00 
1.00-.038—25.78, per cent of fat removed by skimming. 


Calculating the per cent of water added to milk. This calcu- 
lation should be made on the solids not fat. 

Problem: Suppose that a sample of milk contained 8.8 per 
cent of solids not fat before it was watered, and 7.00 per cent of 
solids not fat after it was watered. What percentage of added 
water did the milk contain? 

Solution: 

8.80—7.00=1.80 

1.80--8.80=.2045 

.2045 x 100— 20.45. or per cent of water added. 


Calculations when the milk is both skimmed and watered. 
The specific gravity of milk is increased by skimming aud de- 
creased by watering. Therefore by skimming off some of the fat 
and skillfully adding water the specific gravity or lactometer 
reading may be kept the same after the adulteration that it was 
before. When naturally rich milk is adulterated lightly in this 
way, the adulteration is very difficult to detect unless it is pos- 
sible to learn the composition of the original pure milk. 

Problem: A sample of pure milk contained 4.6 per cent of 
fat and 8.86 per cent of solids not fat. After adulteration by 
skimming and watering the milk contained 3.00 per cent of fat 
and 8.10 per cent of solids not fat. 

What percentage of the fat was removed by skimming and 
what percentage of water was added? 

Solution: (1). Calculate the percentage of water that was 
added as indicated by the relative amounts of solids not fat in 
the two samples:: 

8.86—8.10=.76 

.76-+-8.86—=.0857 

0857 X100=8.57, or per cent of added water in the milk. 

(2). Caleulate the total loss of fat: 

4.6—3.00=1.6 

1.6--4.60=.3478 

8478 X 100=34.78, or total per cent of fat lost. 

(3). Calculating the fat removed by skimming: When 
water is added to milk it reduces the percentages of all the 
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solids present in the same proportion. Therefore the loss of fat 
by watering must have been 8.57 per cent, or the same per- 
centage as the solids not fat, then: 


34.78—8.57= 26.21, or percentage of the fat removed by skim- 
ming. This answer is not absolutely correct as the percentage of 
solids not fat in the partly skimmed milk is slightly increased by 
the removal of some of the fat from the pure milk. 


THE DETERMINATION OF VISCOSITY IN LIQUID DAIRY 
PRODUCTS. 


The viscosity of liquid dairy products is most easily and most 
accurately determined by means of the Mojonnier-Doolittle Vis. 
cosimeter, illustrated under Fig. 140. This instrument embodies 
all the principles of the original Doolittle viscosimeter. 


The viscosity readings obtained by this method are relative 
only. Under equal conditions they are strictly comparable. The 
standard viscosimeter is fitted with viscosity balls giving three 
ranges of viscosity as follows: 


(1). Large viscosity ball. Applicable to fresh whole milk or 
skim-milk or other fluids of similar viscosity. 


(2). Medium viscosity ball. Applicable to evaporated milk, 
cream, plain condensed milk, or products of similar viscosity. 


(3). Small viscosity ball. Applicable to sweetened condensed 
milk, superheated milk, or products of heavy viscosity. 


. The wires, balls and dials of equal range can all be accurately 
calibrated, and the results obtained within a given range are 
closely comparable. The results are expressed in terms of ‘‘de- 
grees of retardation.’’ The dial is graduated in single degree 
divisions up to 360 degrees. 


Temperature exerts a large influence upon viscosity. In 
expressing viscosity the reading should always be reduced to a 
standard temperature. In the case of evaporated milk the cor- 
rections to make for temperature are expressed in Table 141. 
The most satisfactory results are obtained where the viscosity 
determination can be made under standard temperature 
conditions. 
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DIRECTIONS FOR OPERATING MOJONNIER-DOOLITTLE 
VISCOSIMETER. 
(1). Fasten one end of the wire in the knurled nut upon the 
top of the bent support, and the other end in the dial knob. 
Adjust the vertical position of the dial by raising or lowering 


Fig. 140. Mojonnier-Doolittle Wiscosimeter. 


the wire holder until the small lug upon the bottom of the 


dial is in the proper position to engage the trip upon the under 
right hand side of the stand. 


VISCOSIMETER > 


(2). Adjust the horizontal position of the dial until 0° is 
in a line with the pointer upon the front of the frame when the 
dial is in balance in the air. Center the dial in the open space 
by means of the adjusting screws. 


(3). Place the sample in a cup, or make the test directly 
in the can. Temperature exerts a large influence upon viscosity. 
Viscosity increases as the temperature decreases, or vice versa. 
Therefore, test at constant temperature, or correct for the differ- 
ence in the temperature, using the proper corrections to apply 
upon the product under test. Obviously the correction will vary 
with the product. Properly center the cup or can. 


(4). Lower the ball into TO SET, TURN IN 
THIS DIRECTION 


the sample. Turn the dial errTy 
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clockwise through one revolu- o>" IN 
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tion, stopping at the 0° in the 
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line with the pointer. Hold 
dial in place by means of the 
lug and trip. When ready, 
sharply release the trip. Note 
the degree where the dial stops 
just before it starts upon return Sn a a) 
round. This will oceur after DIAL REVOLVES IN GUASS VER POINTER ASSURES. 
the dial has made one complete, Fig. 141. Mojonnier-Doolittle Viscosi- 
and part of a second revolution. oh ah Peed 

The degree at which the dial stops will represent the viscosity of 


the sample, to be expressed as degrees of retardation. 
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READING CAN BE TAKEN 


THE DETERMINATION OF CASEIN IN MILK. 


A. O. A. C.2 Method. ‘‘The determination should be made 
when the milk is fresh, or nearly so. When it is not practical to 
make this determination within 24 hours, add 1 part of formalde- 
hyde to 2,500 parts of milk, and keep in a cool place. 
Place about 10 grams of milk in a beaker with about 90 cc. of 
water at 40° to 42° C., and add at once 1.5 ce. of a 10 per cent 
acetic acid solution. Stir with glass rod and let stand from 
three to five minutes longer. Then decant into a filter, wash 
three times with cold water by decantation, pour the wash water 
on the filter each time, then transfer the precipitated casein com- 
pletely to the filter. Wash once or twice on the filter. The 
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filtrate should be clear or very nearly so. If it is not clear 
when it first runs through, it can generally be made so by two 
or three separate filtrations, after which the washing of the pre- 
cipitate can be completed. Determine the nitrogen in washed 
precipitate and filter paper by the Kjeldahl-Gunning method,’’ 
page 570. 


To calculate the equivalent amount of casein from the nitrogen 
multiply the percentage of nitrogen by 6.38. 


In working with milk which has been kept with preservatives, 
acetic acid should be added in small proportions, a few drops 
at a time, with stirring, and the addition continued until the 
liquid above the precipitate becomes clear, or nearly so. 


The Walker casein test for milk.* In this test, advantage is 
taken of the fact that when formaldehyde is added to proteins 
the neutral character of the protein molecule disappears and the 
acidic properties predominate. In the Walker test, these acidic 
properties are neutralized with standard alkali and the value of 
the alkali in terms of protein is given. 


Operation. Titrate 9 cc. of the milk in a white cup 
or beaker with tenth-normal sodium hydroxide. 
using 1 ee. of a one per cent phenolphthalein solution 
as an indicator. Stir constantly with a glass rod . 
during the titration and titrate to a fairly deep pink 
color. Then add 2. ec. of neutral 40 per cent formalde- 
hyde. Take the reading on the burette containing 
the alkaline solution and again titrate the mixture 
until the same degree of pink color develops. The 
number of cc. of tenth-normal alkaline solution used 
in the second titration multiplied by 1.63 gives the 
percentage of casein in the milk. | 


The Hart casein test.” Hart makes use of chloro- 
form to dissolve the fat in milk, dilute acetic acid to ES 
precipitate the casein, a special test tube to measure ,*'$; 142 Tube 
the volume of casein and a centrifuge to collect it. Tes* : 
The chloroform-fat solution is throw to the bottom OB Naas wae 
of the test tube in the centrifuge owing to its high specific gravity, 


and the casein collects over the fat solution in a compact layer 
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that permits its percentage to be read by means of graduations 
on the side of the tube. 


Operation. Place 2 cc. of chloroform in the casein test tube, 
add 20 ce. of a 0.25 of 1 per cent solution of acetic acid at a 
temperature of 65° to 75° F. (The Acetic acid solution is made 
by diluting 10 ee. of glacial acetic acid with 100 ce. of water, 
then dilute 25 ee. of this solution to 1000 ce. with water). Then 
place 5 ce. of milk at a temperature of 65 to 75° F. into the 
test tube, cover the tube with the thumb, invert and shake the 
tube vigorously for exactly 20 seconds. Within 20 minutes 
centrifuge the tube for 7 minutes at a speed of 2000 revolutions 
per minute. After the tube has been centrifuged, it should stand 
for 10 minutes before reading the percentage of casein. 


DETERMINING THE TOTAL NITROGEN IN MILK. 


A. O. A. C. Official Method. Place about 5 grams of milk in 
a Kjeldahl digestion flask and proceed without evaporation as 
directed under the Kjeldahl-Gunning method for determining 
nitrogen which follows. Multiply the nitrogen by 6.38 to obtain 
the nitrogenous compounds. 


KJELDAHL-GUNNING METHOD FOR DETERMINING NITROGEN. 


Official Method. Place the substance to be analyzed in a 
digestion flask, employing from 0.7 to 3.5 grams, according to 
its proportion of nitrogen. Add 10 grams of powdered potas- 
sium sulphate and from 15 to 25 ec. (ordinarily 20 ee.) of sul- 
phurie acid Sp. Gr. 1.84. Place the flask in a slanting position 
in a holder under a ventilated hood. Heat slowly for 20 or 30 
minutes raising the temperature gradually until foaming ceases 
and the boiling point is reached. Digest for a time after the 
mixture becomes colorless or nearly so, making certain that 
oxidation is complete and all of the nitrogen is in the form of 
ammonia. Let the mixture cool, then dilute with 200 cc. of 
water and add 50 ce. of saturated sodium hydroxide solution 
until strongly alkaline. In order to prevent the loss of am- 
monia, it is a good practice to allow the sodium hydroxide 
solution to run down the side of the flask and under the liquid 
where it is allowed to remain while adding a little zine dust or 
a few pieces of granulated zine or pumice stone to prevent 
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bumping, and a few drops of phenolphthalein indicator. Quickly 
connect the flask to the distilling apparatus, then shake it to 
mix the contents before applying the heat. The indicator will 
show if the solution is alkaline, remembering that in strongly 
alkaline solutions the color of the indicator may disappear. The 
ammonia formed from the nitrogen in the casein is set free 
from the sulphuric acid by the sodium hydroxide and upon 


Fig. 143. Kjeldahl Apparatus for Single 
Nitrogen Determination, 


heating the flask it is driven over with water vapor into the 
condensor where it is condensed to a liquid. Collect the distil- 
late in a flask containing an accurately measured volume (40 to 
50 ec.) of tenth-normal sulphuric acid. The tip of the condenser 
should extend beneath the surface of the tenth-normal solution 
to prevent the escape of ammonia. A few drops of cochineal 
indicator is added to the standard acid solution in the receiving 
flask before beginning the distillation. All of the ammonia 
formed from the nitrogen in the protein will usually be con- 
tained in the first 150 ce. of distillate, the distilling operation 
occupying about one hour. The distillate is ‘then titrated with 
standard alkali. 
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The difference between the number of ce. of tenth-normal 
caustic alkali required and the number of ec. of tenth-normal 
acid placed in the flask, equals the number of ce. of tenth-normal 
ammonium hydroxide that would be formed by the ammonia 
distilled over. The weight and percentage of nitrogen may then 
be calculated. Multiply the percentage of nitrogen by 6.38 to 
obtain the nitrogen compounds. 


Problem. Suppose that 50 cc. of tenth-normal acid were 
placed in the flask receiving the distillate from a protein deter- 
mination in which 10 grams of milk were used, and 20 ee. of 
tenth-normal sodium hydroxide were required to neutralize the 
liquid in the flask when the distillation was completed. 


What percentage of protein did the milk contain? 


Solution: 50—20=30, or ee. of tenth-normal ammonium 
hydroxide formed by the nitrogen in the protein. 

One ec. of tenth-normal ammonium hydroxide contains 0.0014 
eram of nitrogen. 

0.0014 30=0.042, or gram of nitrogen from the protein. 

0.042 « 6.88—0.26796, or gram of protein from 10 grams of 
milk. 

0.26796—10—0.026796, or gram of protein in 1 gram of milk. 

0.026796 X100=2,67963 or the percentage of protein in the 
milk, 


DETERMINATION OF CASEIN IN MILK CHOCOLATE. 


A. 0. A. C. Tentative Method. It is unnecessary to de-fat the 
chocolate. Weigh 10 grams of the chocolate into a 500 ce. 
Erlenmeyer flask and add 250 cc. of 1 per cent sodium oxalate 
solution. Heat to boiling and boil gently for a few minutes, 
then cool, add 5 grams of magnesium carbonate and filter. 
Determine nitrogen in 50 ce. of this filtrate. Pipette 100 ce. of 
the filtrate into a 200 ec. volumetric flask and dilute almost to 
the mark with water. Then precipitate the casein by the addi- 
tion of 2 ec. of glacial acetic acid or 1 cc. of concentrated sul- 
phuriec acid. Make to volume, shake, filter and determine 
nitrogen in 100 ce. of the filtrate. The difference between the 
two nitrogen determinations gives the nitrogen derived from 
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the casein which, multiplied by 6.38, gives the amount of casein 
present in 2 grams of the sample. 


DETERMINING THE QUALITY OF CASEIN. 

In addition to its use as a food, casein serves for a variety 
of purposes in the industrial arts. The condition and quality 
of the skim-milk and buttermilk from which commercial casein 
is ordinarily made as well as the method of manufacture, usually 
affect to some extent, the composition and physical properties of 
the product found on the market. Where the technical purpose 
for which the casein is to be used is known, the method of its 
manufacture from milk is sometimes stipulated. Yet, it may be 
that casein made by other methods would serve equally well if 
a method for bringing it into solution and workable condition 
were known. 

Butterman® (1920) has shown that the percentage of ash in 
casein varies between 1.28 per cent and 8.6 per cent according 
to the method employed in its manufacture. He also shows that 
when the casein is used in the manufacture of glue the amount 
of water required to give a glue of medium viscosity is a linear 
function of the ash content. Thus the casein made by one 
method, and which contained 1.8 per cent of ash, required 
2.3 parts of water to one part of casein to give a glue of medium 
viscosity, while the casein made by another method, and which 
contained 8.6 per cent of ash required 3.9 parts of water. In 
making the comparisons the amount of water used on a sample 
was varied until the desired viscosity was obtained. 

The operation was carried out as follows: 100 to 200 grams 
of dry powdered casein were weighed and mixed with X parts 
of water. After soaking a few minutes until the casein was 
thoroughly wet, a suspension of lime containing one part of 
hydrated lime to 6 parts of water was stirred in. The amount 
of lime used in this suspension was equivalent to 15 per cent of 
the weight of casein used. Finally an amount of sodium silicate 
solution (Sp. Gr. 1.4) equal to 0.7 of the weight of the casein was 
added, and the mixture was then vigorously stirred until all 
particles of casein had dissolved, giving a homogeneous mass. 
Among the characteristics observed in these glues were the 
consistency and glue “‘life.’’ If the glues exhibited, by simple 
observation, a viscosity intermediate between a thin watery 
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mixture and a thick, heavy mixture, its consistency was recorded 
as “‘medium.’’ Similarly a very high viscosity was described as 
“‘stiff.’’ By the term ‘‘life’’ is meant the period of time between 
the preparation of the glue and the point where it becomes too 
thick to spread properly. 

It is stated that ‘‘by making a determination of the ash 
content of a given sample of casein, it is therefore possible to 
tell at once the proper proportion of the ingredients required to 
mix it into a satisfactory glue, regardless of the method by which 
the casein has been prepared. 


Adhesive or strength tests of casein. Dalberg’ (1918) de- 
seribes the following method for determining the adhesive 
strength of casein: Fifty grams of casein ground fine enough 
to pass through a screen with 20 meshes to the inch is weighed 
into a casserole having a known weight, 100 ce. of cold dis- 
tilled water is added, the two mixed well and allowed to stand 
for a short time, when 90 cc. more of distilled water is added 
in which 5 grams of borax have been dissolved. Distilled water 
is then added until the mixture weighs 250 grams, and the cas- 
serole placed in a water bath having a temperature not to exceed 
149° F. (65° C.) and stirred until the casein is dissolved. When 
the casein is completely dissolved more water must be added 
to take the place of that lost by evaporation, so that each 5 
grams of the solution will represent one of casein. Some samples 
of casein may require more than the specified quantity of borax 
or other alkali. No trouble was experienced in dissolving the 
samples reported in the proportion of borax given. 

One hundred grams of china clay or kaolin, previously dried 
at the temperature of boiling water for one hour, is weighed 
into a heavy easserole, and 70 cc. of distilled water added and 
mixed to a smooth paste, care being taken to work up any lumps 
that may settle to the bottom. After weighing the casserole with 
its content of clay paste, 30 grams of the casein solution, repre- 
senting 6 grams of casein, is added to it and thoroughly mixed 
with the paste. A stiff brush is helpful in getting a good mix- 
ture. A thin coating of the mixture is then applied to several 
small sheets of test paper (unsized writing paper serves well), 
by means of a thin brass scraper or camel’s hair brush, using care 
to spread uniformly. The casserole is again balanced and 5 
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additional grams of the casein solution added, the solution well 
mixed and another set of test sheets coated, continuing the 
procedure of adding 5 grams of the casein solution and making 
a set of test sheets until sufficient casein has been added to hold 
the coating mixture properly to the paper. Best results were 
obtained by using the straight edged brass scraper, which re- 
quires that the paper be placed on a perfectly flat surface such 
as a piece of smooth plate glass. When using a brush the coat- 
ing mixture must be placed on very quickly, first lengthwise and 
then erosswise. 


When the sets of test papers having an increase of one gram 
in casein for each succeeding set are perfectly dry, short sticks 
of sealing wax softened by heating at one end are applied with 
a fairly firm pressure to various points where the coating is uni- 
form, and allowed to cool. The paper is then held down firmly 
by placing the fingers on each side of the wax and the latter 
pulled away with a steady pull. In case of an insufficient 
quantity of casein the wax will pull only the clay mixture, but 
where sufficient casein has been used it will pull out the paper 
fibers strongly to the edge of the wax, showing that the coating 
material had actually become a part of the paper. Usually a 
transition point is found when the center of the stick of wax 
will pull out the paper fibers partially, while the next set having 
one gram more of casein will pull all the fibers to the extreme 
edge of the wax. A good grade of casein should not require 
more than 8 or 9 grams to hold strongly. 

The strength of casein as shown by this laboratory test bears 
some direct relation to the percentage of casein necessary to use 
in solutions in practical coating work. 


DETERMINING THE ALBUMIN IN MILK. 


Official Method. Exactly neutralize with caustic alkali the 
filtrate from the casein precipitate in the A. O. A. C. method for 
determining the casein. Add 0.3 ce. of a 10 per cent solution of 
acetic acid and heat the liquid to the temperature of boiling 
water until the albumin is completely precipitated. Collect the 
precipitate on a filter, wash, and determine the nitrogen therein 
by the Kjeldahl-Gunning method. The nitrogen multiplied by 
6.38 equals the albumin. 
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Other nitrogenous compounds. Van Slyke® gives the fol- 
lowing method for determining the modified proteins, amine 
derivatives and ammonium compounds. Heat the filtrate from 
the albumin precipitate obtained in the above operation to 70° C. 
and add 1 ce. of a 5 per cent sulphuric acid solution, then add 
solid zine sulphate until the solution is saturated. Hold the 
solution at 70° C. until the precipitate settles, cool, filter, and 
wash the precipitate with a saturated solution of zine sulphate 
that has been slightly acidified with sulphuric acid. Determine 
the nitrogen in the precipitate by the Kjeldahl-Gunning method. 


To determine the amino-derivatives and ammonium com- 
pounds place 50 ec. ec. of the milk in a 250 ec. ¢. graduated flask 
and add 1 gram of sodium chloride. Add drop by drop a 12 
per cent solution of tannin until precipitation is complete. Fill 
the flask to the mark with water, shake, and pass through a dry 
filter. Determine the nitrogen in 50 e. ec. of the filtrate by the 
Kjeldahl-Gunning method to obtain the amino-derivatives. The 
ammonium compounds are obtained by mixing magnesium oxide 
in slight excess with 100 e. ¢. of the filtrate, then distilling off 
about 50 e. ec. into a measured volume of standard acid. 


ASH DETERMINATION. 


A. 0. A. C. Method. ‘‘Weigh about 20 grams of the milk in 
a weighed dish, add 6 e¢. ec. of nitric acid, evaporate to dryness, 
and burn at a low red heat until the ash is free from carbon.”’ 

The burning should be done in a muffle, care being taken to 
avoid heating too rapidly, while burning off the fat and other 
organic matter as flames may carry off some of the mineral 
matter, and too high a temperature later may volatilize some 
Otait: 


METHOD FOR DETERMINING LIME IN DAIRY PRODUCTS. 


Description of Method. Two variations of the method are 
possible: 

(1). Measure or preferably weigh the samples into clean 
Babcock test bottles. In all cases except when testing whole 
milk, add to the bottle sufficient distilled water to bring the 
total weight up to 18 grams. Mix samples with the water in the 
bottle very thoroughly. Now add slowly with constant shaking 
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about 15 grams C. P. sulphuric acid; centrifuge for about ten 
minutes. Add sufficient distilled water to float off the fat. Cen- 
trifuge until the last visible traces of fat are gone, adding addi- 
tional water if this might be required. Pour the solution into 
a beaker, and wash out the bottle with three successive small 
portions of distilled water. Add two volumes of 95 per cent 
grain alcohol, and allow to stand over night. Filter, using pref- 
erably, a Gooch crucible with asbestos. Wash the precipitate 
by deeantation, using grain alcohol. Dry thoroughly. Ignite at 
a moderate temperature, to a constant weight. If a filter paper 
is used, dry the precipitate in the filter and ignite together. 


(2) Transfer to a beaker the residue remaining in a Mojon- 
nier fat extraction flask at the end of a fat extraction. Neutralize 
the ammonia carefully with C. P. sulphuric acid. Add 10 ec. in 
addition to that required for neutralizing. Add two volumes of 
95 per cent grain alcohol, and allow to stand over night. Pro- 
ceed as under (1). 


Size of Samples Recommended. The size of sample to use 
can be varied with the method employed. Table 96 gives the 
amount recommended under the two methods. Slight variations 
will not affect the accuracy of the results. 


TABLE 96. 


Weight of sample recommended. 


Prodget: Babcock Mojonnier 
method method 
Grams. Grams. 
Whole milk, skim-milk, buttermilk and whey, 18 10 
Evaporated milk, plain condensed whole and 
skim-milk, ice cream mix and cream,,...... 9 5 
Milk chocolate, cheese, malted milk, whole and 
skim-milk powder and butter............. Bec 1 


~ 


Experimental evidence upon the accuracy of the method. Ten 
grams of gypsum were heated to a red heat. Weighed samples of 
this were ignited with filter paper, and found upon reweighing 
to have undergone no change in weight. 
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In another experiment a sample of gypsum was treated with 
sulphuric acid diluted 1-5, decanted, filtered, washed, dried in 
electric vacuum oven, and ignited to constant weight. To about 
0.10 gram portions of this ignited product was then added 17 ce. 
of distilled water; 17 ec. of C. P. sulphuric acid, and after cool- 
ing, 100 ec. of 95 per cent aleohol. After standing over night, 
the precipitate was filtered, dried, ignited and weighed. The 
samples showed no loss in weight. 


Results obtained by the above method. The results obtained 
by means of the above method in the case of different dairy 
products are given in Table 97. 


The method does not apply in the case of sweetened condensed 
milk or other products containing large amounts of sugar, on 
account of the solubility of calcium sulphate in sucrose solu- 


tions. 


TABLE 97. 
Lime Content of Dairy Products As Found by Above Method. 


Per Cent Calcium Oxide 


ee PRODUCT ie a i eal OPERATOR 

ber Original | Duplicate 

1 Wiholemilkiz. ca. ance 0.122 0.136 Author 

2 Evaporated milk....... 0.284 0.276 Author 

3 Evaporated milk....... 0.306 0.302 Author 

4 | Evaporated milk....... 0.344 0.340 | Author 

5 | Evaporated milk....... 0.364 0.361 Author 

6 | Evaporated milk....... 0. 288 0.289 Author 

7 | Evaporated milk....... 0.357 | 0.354 | Author 

8 | Evaporated milk....... 0.371 0.364 Author 

Go le Wholeadilie, su 82k nk os 0.141 | 0.141 | Author 
10 Powdered skim-milk...| 1.410 1.420 Author 
11 iButuermilke ener nears 0.159 0.156 H. J. Liedel 
12 Ice cream mix......... 0.195 0.188 H. J. Liedel 
13 GEES OAs titavuee sitter. 0.969 H. J. Liedel 


Conclusions. The method described can be used to determine 
the lime content of all dairy products excepting those containing 
large amounts of sucrose. It is simple and accurate. 
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A VOLUMETRIC METHOD FOR DETERMINING PHOSPHOROUS 
IN MILK. 


Phosphorous exists in milk in the form of phosphates and 
also in combination with casein and lecithin. Its content varies 
especially in diseases of the udder. 

The following method is credited to Muller***. 

Take 50 ec. of milk, and add 1/2 ce. of reagent containing 
62.5 grs. HgCl,, mixed with sufficient HC1, sp. gr. 1.184 to total 
50 ec. Mix thoroughly. Dilute with water to 100 ce. Mix and 
filter. To 50 ce. of the clear filtrate add 5 cc. of a second reagent 
containing 100 grams of sodium acetate, 100 ce. of acetic acid, 
30 per cent strength, and sufficient distilled water to make up to 
one liter. Bring the filtrate with reagent to boiling. Titrate 
with uranium acetate containing 35 grams uranium acetate per 
liter, and standardize against disodium phosphate to exact 
strength of .10 gram P,O, per 50 ec. of uranium acetate solution. 
Use a 10 per cent solution of potassium ferrocyanide as indicator. 
Run a blank using 50 ce. of water. 


The P,O, obtained in the serum by the above method is slight- 


ly less than the total found in the ash owing to that remaining 
in the initial precipitate. The marked decrease in abnormal milk 


is as follows: . 
Per Cent 
P.O; in | Per Cent 
Per Cent | Serum | P.O; in 
KIND OF MILK Total |Calculated) Total 
Ash |Upon Ash} Ash 
Basis 
Normal ymilk sarrewocu cnet ee ca eee .66 28.6 31.6 
INormabimilks er ce os cee eee ee .62 29.0 35.5 
Milk from diseased cow, normal appearance... . 02 20.6 27.5 
Milk from diseased cow, reddish tinge......... .67 9.0 22.9 
Milk from diseased cow, yellowish tinge....... .70 0h 15.5 
SUGARS. 


The power of reducing sugars to separate oxygen from alka- 
line solutions of certain metallic salts and to precipitate the 
metals as lower oxides is used to advantage in a number of 
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methods employed in sugar analysis. Other methods take ad- 
vantage of the power of sugar solutions to rotate a plane of 
polarized light. When the operation is carried out under con- 
ditions that are properly controlled, the angle of rotation pro- 
duced by a sugar solution may be measured and the percentage 
of sugar determined. 


Some of the more practical methods that are of interest in 
the dairy industry for determining sugars are given here. When 
further information on the chemistry of the sugars is desired, a 
more comprehensive work on the subject should be consulted. 


MILK SUGAR DETERMINATIONS. 


A. 0. A. C. Optical Method. Preparation of reagents: (a) 
Dissolve mercury in double its weight of nitrie acid, specific 
gravity 1.42, and dilute with an equal volume of water. One ce. 
of this reagent is sufficient for the quantity of milk mentioned 
below. Larger quantities may be used without affecting the 
results of polarization. 

(b). Mix 33.2 grams of potassium iodide, 13.5 grams of 
mercuric chloride, 20 ec. of glacial acetic acid and 640 ee. of 
water. 


Determination. The milk should be at a constant temperature 
and its specific gravity determined with a delicate hydrometer 
or lactometer. When greater accuracy is required, pycnometer 
is used. 

The quantities of the milk measured for polarization vary with 
the specific gravity of the milk as well as with the polariscope 
used. The quantity to be measured in any case will be found in 
the following table. 

Place the quantity of the milk indicated in the table in a flask 
graduated at 102.4 ec. for a Laurent or 103.6 ec. for a Ventzke 
polariscope (Mohr ec.). Add 1 ec. of mercuric nitrate solution 
or 30 ec. of mercuric iodide solution (an excess of these reagents 
does no harm) fill to the mark, agitate, filter through a dry filter, 
and polarize. It is not necessary to heat before polarizing. In 
case a 200 mm. tube is used, divide the polariscope reading by 
3 when the sucrose normal weight of the instrument is 16.19 
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TABLE 98. 
Volume of Milk to Be Used 


For polariscopes of For polariscopes of which 
which the sucrose normal the sucrose normal 
Specific gravity. weight is 16.19 grams. weight is 26.048 grams. 
cre: OG: 
1.024 60.00 64.40 
1.026 59.90 64.30 
1.028 59.80 64.15 
1.030 59.70 64.00 
1.032 59.60 63.90 
1.034 59.50 63.80 
1.035 59.35 63.70 ; 


grams, or by 2 when the normal weight for the instrument is 
26.048. When a 400 mm. tube is used, these divisors become 6 
and 4 respectively. For the calculation of the above table the 
specific rotary power of lactose is taken as 52.52°, and the cor- 
responding number for sucrose as 66.5°. The lactose normal 
weight to read 100° on the sugar scale for the Laurent instruments 
is 20.496 grams, and for Ventzke instruments, 32.975 grams. In 
ease metric flasks are used the weights here mentioned must be 
reduced to 16.160 and 26.000 grams respectively. 


GRAVIMETRIC METHOD A. O. A. C. OFFICIAL. 


Preparation of reagents. (a). Copper sulphate solution. 
Dissolve 34.639 grams of clear crystals of copper sulphate (Cu 
SO,. 5H,O), in water and make up to 500 ee. 

(b). Alkaline tartrate solution. Dissolve 173 grams of pure 


Rochelle salts (sodium potassium tartrate) and 50 grams of pure 
sodium hydroxide in water and dilute to 500 ec. 


(c). Mix equal volumes of solutions (a) and (b) immediately 
before use. (The mixture forms Fehling’s solution). 


Preparing the milk solution. Dilute 25 ec..of the milk with 
400 ce. of water and add 10 ce. of copper sulphate solution (34.639 
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grams of CuSO, 5H,O in water and dilute to 500 ec.). Add 
about 7.5 ce. of a solution of potassium hydroxide of such 
strength that one volume of it is just sufficient to completely 
precipitate the copper as hydroxide from one volume of the 
solution of copper sulphate. Instead of a solution of potassium 
hydroxide of this strength 8.8 cc. of a half normal solution of 
sodium hydroxide may be used. After the addition of the alkali 
solution the mixture must still have an acid reaction and contain 
copper in solution. Fill the flask to the 500 ec. mark, mix, and 
filter through a dry filter. 

Place 25 cc. of each reagent (a) and (b) together in a beaker 
and heat to the boiling point. While boiling briskly, add 100 ce. 
of the lactose solution containing not more than 0.300 gram of 
lactose and boil for 6 minutes. Filter immediately through 
asbestos and determine amount of copper reduced. 

The Official Method directs that the amount of copper re- 
duced be determined by one of the following methods: 


(1). Reduction in hydrogen. 

(2). Electrolytic deposition from sulphuric acid solution. 

(3). Electrolytic deposition from sulphuric and nitric acid 
solution. 

(4). Electrolytic deposition from nitric acid solution. 

(5). Volumetric permanganate method. 

(6). Direct weighing of cuprous oxide. 

As method (6) is adaptable to the ordinary laboratory it is 
given here: 


Prepare a Gooch crucible with an asbestos felt one fourth of 
an inch thick. Then thoroughly wash the asbestos with water to 
remove small particles, follow successively with 10 ce. of alco- 
hol and 10 ce. of ether, and dry the crucible and contents thirty 
minutes in a water oven at the temperature of boiling water. 
(This drying operation could be shortened by using the Mojon- 
nier Tester solids oven held at 100° C.) 

Collect the precipitate of cuprous oxide on the felt as usual, 
thoroughly wash with hot water, then with 10 ce. of alcohol, and 
finally with 10 ce. of ether. Dry the precipitate 30 minutes in 
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TABLE 99. 
Table for the Determination of Lactose (Soxhlet-Wein) 


ae en re ate na nr ae Milli- 

Milli- Milli- Milli- | Milli- Milli- Milli Milli 

eat grams | grams creme Bree eta gravis aes grams 
° fo) ° 

Cuter aceone Copper Lactose |Copper] Lactose |Copper| Lactose |Copper Lactose 


i; 344 259.0 
101 ea 162 117.9 333 iene (5 345 259.8 
102 ; ; 224 164.9 am 346 260.6 
102 7301 163 118.6 ; : ao pia 
103 73.8 164 119.4 | 225 165.7 d 347 261.4 
104 74.6 165 120.2 226 166.4 i : 
105 75.3 166 120.9 | 227 167.2 a 349 263.1 
106 76.1 167 121.7 | 228 167.9 5 350 | 263.9 
107 76.8 168 122.4 | 229 168.6 & 351 264.7 
108 77.6 169 123.2 230 169.4 3 352 265.5 
109 78.3 170 123.9 231 170.1 : : 
110 79.0 171 124.7 | 232 170.9 am 354 267.2 
111 79.8 172 125.5 | 233 171.6 ‘5 | 355 | 268.0 
112 80.5 173 126.2 234 172.4 3 356 | 268.8 
113 81.3 174 127.0 | 235 173.1 al 357 269.6 
114 82.0 175 127.9 236 173.9 9 358 | 270.4 
11 82.7 176 128.5 237 174.6 a7 359 271.2 
116 83.5 177 129.3 238 175.4 ‘5 360 272.1 
117 84.2 178 130.1 239 176.2 ‘4 361 272.9 
118 85.0 179 130.8 | 240 176.9 2 362 273.7 
119 85.7 180 131.6 | 241 177.7 ‘9 363 | 274.5 
120 86.4 181 132.4 242 178.5 a7 364 275.3 
121 87.2 182 133.1 243 179.3 ‘5 365 276.2 
122 87.9 183 133.9 244 180.1 ae 366 277.1 
123 88.7 184 134.7 245 180.8 al 367 277.9 
124 89.4 185 135.4 246 181.6 ‘8 368 | 278.8 
125 90.1 186 136.2 247 182.4 6 369 279.6 
126 90.9 187 137.0 | 248 183.2 ‘4 370 280.5 
127 91.6 188 13707 249 184.0 2 371 281.4 
128 92.4 189 138.5 250 184.8 ‘9 372 282.2 
129 93.1 190 139.3 251 185.5 Oz 373 283.1 
130 93.8 191 140.0 | 252 186.3 5 374 283.9 
131 94.6 192 140.8 | 253 187.1 3 375 284.8 
132 95.3 193 141.6 254 187.9 ail 376 285.7 
133 96.1 194 142.3 255 188.7 5S 377 286.5 
134 96.9 195 143.1 256 189.4 ‘6 378 287.4 
135 97.6 196 143.9 257 190.2 4 379 288.2 
136 98.3 197 144.6 258 191.0 2 380 289.1 
137 99.1 198 145.4 259 191.8 ‘0 381 239.9 
138 99.8 199 146.2 260 192.5 C7 382 290.8 
139 100.5 200 146.9 | 261 193.3 ‘5 383 291.7 
140 101.3 201 147.7 262 194.1 RS 384 292.5 
141 102.0 | 202 148.5 263 194.9 ail 385 293.4 
142 102.8 203 149.2 264 195.7 ‘9 386 294.2 
143 103.5 204 150.0 265 196.4 6 387 295.1 
144 104.3 205 150.7 266 197.2 ‘4 388 296.0 
145 105.1 206 151.5 267 198.0 2 389 296.8 
146 105.8 | 207 152.2 268 198.8 0 390 297.7 
147 106.6 | 208 153.0 | 269 199.5 Pz 391 298.5 
148 107.3 209 153.7 270 200.3 5 392 299.4 
149 108.1 210 154.5 271 201.1 2 393 300.3 
150 108.8 | 211 | 155.2 | 272 | 201.9 0 | 394 | 301.1 
151 109-6 212 156.0 273 202.7 '8 395 302.0 
152 110.3 213 156.7 274 203.5 6 396 302.8 
153 ilaeen 214 157.5 | 275 204.3 5 397 303.7 
154 111.9 | 215 158.2 276 205.1 e 398 304.6 
155 112.6 | 216 159.0 277 205.9 sil 399 305.4 
156 113.4 217 159.7 278 206.7 ‘9 400 306.3 
157 114.1 218 160.4 279 207.5 a7, Sey | eee 
158 114.9 219 161.2 280 | 208.3 ‘5 Spill yceshoes 
159 115.6 | 220 161.9 281 209.1 ‘4 eh tee 
160 116.4 221 162.7 282 209.9 258.2 : 
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a water oven at the temperature of boiling water; cool and 
weigh. The weight of cuprous oxide multiplied by 0.8883 gives 
the weight of metallic copper. Obtain the weight of lactose 
equivalent to the weight of copper found from Table 99. 


DETERMINING THE PERCENTAGE OF LACTOSE AND SUCROSE 
IN SWEETENED CONDENSED MILK. 


White® has developed a method for determining the percent- 
ages of lactose and sucrose in sweetened condensed milk in which 
the lactose is first determined by the cuprous oxide precipita- 
tion method, then by inverting the sucrose in an aliquot of the 
filtrate and again precipitating the cuprous oxide, the percentage 
of sucrose is obtained. In applying the method certain pre- 
cautions must be observed and corrections made, but the oper- 
ation is not difficult, is fairly rapid, and the results appear to be 
more accurate than those obtained by gravimetric methods here- 
tofore employed. 


Operation. Ten grams of the well mixed sample are weighed 
into a calibrated 250 ec. flask, and approximately 125 ec. of 
water nearly boiling hot added, rinsing down any condensed 
milk attached to the inside of the neck. Shake well for 4 or 
5 minutes, cool to 20° C. and add gradually with shaking, 10 ee. 
of Fehling’s copper sulphate solution. Then add 6 ce. of half- 
normal sodium hydroxide solution with shaking. This precipi- 
tates the proteids and fat and leaves a trace of copper sulphate 
in solution. The flask is then filled to the 250 cc. mark with 
water and 1.5 ec. more of water are added to make up for the 
volume of precipitate. Shake until the liquid is homogeneous, 
filter, and discard the first few ce. of the filtrate that pass through. 
The filtrate should have a slight blue color showing that it still 
retains a trace of copper in solution. 


Place 25 ec. each of Fehling’s copper sulphate and alkaline 
tartrate solutions in a 400 ce. resistant glass beaker and add 
50 ec. of the filtrate, heat over a flame that will bring the mix- 
ture to boiling in 4 minutes or a few seconds less, then boil for 
2 minutes and filter immediately through asbestos felt in a 
weighed Gooch crucible, using suction to assist in obtaining rapid 
filtration. Rinse the last traces of cuprous oxide onto the filter 
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with hot water using a rubber tipped rod to assist and wash the 
precipitate 4 or 5 times with hot water, and once with alcohol. 
Transfer the filtrate to a 250 ec. calibrated flask and set aside for 
use in the sucrose determination. Dry the Gooch crucible and 
contents in an oven at 100° C. for 30 minutes. 


While the cuprous oxide for the lactose determination is 
drying invert the sucrose in the filtrate, and precipitate and filter 
the cuprous oxide from a 50 ce. aliquot of it as follows: Add 
to the filtrate in the 250 cc. flask 9 ce. of 1 to 1 hydrochloric 
acid solution made by dissolving concentrated HCl with an 
equal volume of water. This will bring the mixture to about the 
neutral point. Next add 25 ec. more of the 1 to 1 hydrochloric 
acid to invert the sucrose. Heat rapidly to 70° C. with constant 
stirring to prevent overheating any part of the liquid. Hold the 
liquid at a temperature of 70° C. for 45 minutes, cool somewhat, 
and neutralize with a 50 per cent solution of caustic soda, using 
a few drops of phenolphthalein solution as an indicator. Use care 
in neutralizing not to pass the neutral point; but if it is passed 
it may be brought back by adding a little of the 1 to 1 hydro- 
chloriec acid. Cool to 20° C. and fill the flask to the 250 ec. 
mark. Mix until homogeneous and transfer 50 ec. of it (equal 
to 0.4 gram condensed milk) to a 400 ec. resistant glass beaker 
in which has previously been placed 25 ct. each of the copper 
sulphate and alkaline potassium tartrate solutions. Heat the 
beaker over a flame that will bring the contents to boiling in 4 
minutes or a few seconds less, and boil for two minutes more. 
Filter at once through asbestos felt in a weighed Gooch erucible 
using suction filtration. Wash the last traces of cuprous oxide 
precipitate from the beaker into the Gooch with hot water using 
a rubber tipped rod to assist, then wash the precipitate 4 or 5 
times with het water and once with 95 per cent alcohol. Place 
the crucible in a drying oven and dry for 30 minutes at a tem- 
perature of 100° C. 


When the crucible containing the cuprous oxide thrown down 
by the lactose and obtained in the first precipitation has dried 
for 30 minutes, cool it in a desiccator and weigh to determine the 
milligrams of cuprous oxide. The percentage of lactose in the 
sweetened condensed milk may now be calculated as explained in 
the following problem: 
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Suppose that 374.5 milligrams of cuprous oxide are thrown 
down by the lactose. Look in the first column of Munson and 
Walker’s table page 595 for the number nearest in size to 374.5. 
It is 370.0. To the right in line with 370.0, in the column marked 
at the head ‘‘1 lactose, 4 sucrose’’ there is found the figure 248.1 
which is the milligrams of lactose equivalent to 870 milligrams of 
cuprous oxide. But there were 374.5 milligrams of cuprous oxide 
and there remains to be found the lactose value of 4.5 milligrams. 
The figure 374.5 falls between the figures 370 and 880 in the first 
column, and the lactose value of 380 as shown in the column under 
the heading “‘1 lactose, 4 sucrose’”’ is 255.0. Then subtracting 
248.1 from 255.0 gives 6.9, the lactose value of 10 milligrams of 
cuprous oxide, and 6.9 divided by 10 gives 0.69, the lactose value 
of one milligram of cuprous oxide. Then 4.5 multiplied by 0.69 
gives 3.1. Add 3.1 to 248.1 and the sum equals 251.2, the lactose 
value of 374.5 milligrams of cuprous oxide under the conditions 
existing in the determination. 

The percentage of lactose in the sweetened condensed milk 
may then be found by dividing the milligrams of lactose by the 
weight of the condensed milk in the 50 ee. aliquot which was 
used. in the determination. As 10 grams of the condensed milk 
was weighed out and made up to 250 ec., 50 ce. represents one 
fifth of 10 grams, or 2 grams (2000 mg.) Then 251.2 divided by 
2000 equals .1256 and this quotient multiplied by 100 gives 12.56, 
per cent of lactose in the sweetened condensed milk. 


When the cuprous oxide obtained from the inverted sucrose 
determination has dried for 30 minutes, cool in a desiccator and 
weigh to find its weight in milligrams. The percentage of sucrose 
in the condensed milk may then be calculated. To permit ex- 
planation it may be assumed that 378.5 milligrams of cuprous 
oxide were obtained from the aliquot used after inverting the 
cane sugar. But a little lactose remained in the solution after 
the first cuprous oxide precipitation, and a correction must be 
made for it. It amounts to 4.1 milligrams of cuprous oxide as 
found by the average of a large number of determinations. Also 
some sucrose entered into the lactose determination for which a 
correction must be made. The total correction may be calculated 
as follows: The lactose determination in the presence of sucrose 
gave 374.5 milligrams of cuprous oxide which equals 251.2 milli- 
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grams of lactose. If the lactose determination were made in the 
absence of sucrose the 251.2 milligrams of lactose would have 
thrown down only 366.4 milligrams of cuprous oxide. (This may 
be seen by finding the cuprous oxide equivalent in the first 
column of Munson and Walker’s table, for 251.2 milligrams of 
lactose in the column under the heading ‘‘lactose’’). The differ- 
ence between 374.5 and 366.4 is 8.1, or the number of milligrams 
of euprous oxide thrown down in the lactose determination due 
to the inversion of some sucrose during the operation. Since only 
a one-fifth aliquot was used later in making the sucrose determi- 
nation the correction to be added is one-fifth of 8.1 milligrams 
or 1.6 milligrams. This positive correction of 1.6 milligrams 
combined with the negative correction of 4.1 milligrams equals 
2.5 milligrams to be subtracted from the 378.5 milligrams, which 
leaves 376 milligrams of cuprous oxide that may finally be credit- 
ed to the inverted sucrose. 


Next find in Munson and Walker’s sugar table, first column, 
the figures nearest in size to 376. They are 380 and 370. The 
invert sugar value for 370 milligrams of cuprous oxide as given in 
the invert sugar column of the table is 177.7 milligrams and the 
invert sugar value for 380 milligrams of cuprous oxide is 183.0 
Therefore a difference of 10 milligrams of cuprous oxide is here 
equal in invert sugar to the difference between 183.0 and 177.7, 
or 5.3 milligrams. Then one milligram of cuprous oxide equals 
5.3 divided by 10, or 0.53 milligram of invert sugar. Accepting 
177.7 milligrams as the invert sugar value of 370 milligrams of 
cuprous oxide there remains to be found the difference between 
370 and 376, or 6 milligrams of cuprous oxide. Since one milli- 
gram of the oxide as shown above equals 0.53 milligram of invert 
sugar, 6 milligrams equals 6 times 0.53, or 3.18 milligrams. Then 
177.7 plus 3.18 equals 180.88, milligrams of invert sugar in the 
aliquot used in making the sucrose determination. Since the 
weight of invert sugar is 5 per cent greater than the weight of 
' Sucrose before inversion, it is necessary to multiply the 180.88 by 
100 minus 5, er 95 per cent to obtain the milligrams of sucrose in 
the aliquot used in the determination. Thus 180.88 times 95 
per cent gives 171.83, milligrams of sucrose. The aliquot used in 
making the lactose determination equaled 2.0 grams of condensed 
milk and the aliquot used for the sucrose determination was 
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TABLE 100. 


Mginson and Walker’s Table for Calculating Dextrose, Invert Sugar, Invert 
Alone, Invert Sugar in the Presence of Sucrose (0.4 Gram and 2 Grams 
Total Sugar), Lactose, Lactose and Sucrose (2 Mixtures) and 


Maltose (Crystalized). 


Expressed in Milligrams. 
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Invert Sugar |Lactose| Lactose and Mal- 
Dex- and Sucrose Sucrose tose |Cuprous 

Cuprous|Copper| trose | Invert. |——_-—|]———_|—____.—_____]|____|_ 0 xi 

Oxid (Cu) | (d-glu-] Sugar |0.4gm.] 2 gms. | Ci2H22 | 1 Lac- | 1 Lac- | CizH22 | (Cuz0) 

(Cu20) cose) Total | Total | O14 | tose, 4} tose,12} Ou 
Sugar | Sugar | H2O |Sucrose/Sucrose] H20 

10 8.9 4.0 4.5 5 Leet ES ae 6.3 6.1 6.2 10 
20 L728 8.3 8.9 Gilh|| Reoe 12.5 12.1 14.6 20 
30 26.6 12:6 13.4 10.7 4.3 18.8 18.2 22.9 30 
40 35.5 16.9 17.8 15.2 8.8 25.5 24.7 31.3 40 
50 44.4 21.3 22.3 19.7 13.4 32.3 31.3 39.6 50 
60 53.3 25.6 26.8 24.3 18.0 39.2 Olin || eveers 48.0 60 
70 62.2 30.0 31.3 28.9 22.6 46.0 44.6 41.9 56.3 70 
80 fie hep! 34.4 35.9 33.5 27.3 52.9 51.3 47.8 64.6 80 
90 79.9 38.9 40.4 38.2 31.9 59.7 57.9 53.7 73.0 90 
100 88.8 43.3 45.0 42.8 36.6 66.6 64.6 59.6 81.3 100 
110 97.9 47.8 49.6 47.5 41.3 73.5 71.3 65.6 89.7 110 
120 106.6 52.3 54.3 52.3 46.0 80.3 78.0 71.5 98.0 120 
130 115.5 56.8 58.9 56.9 50.7 87.3 84.7 77.5 | 106.4 130 
140 124.4 61.3 63.6 61.6 55.5 94.1 91.4 83.5 | 114.7 140 
150 133,2 65.9 68.3 66.4 60.2 | 101.0 98.1 89.5 | 123.0 150 
160 142.1 70.4 73.0 71.2 65.5 | 107.9 | 104.8 95.6 | 181.4 160 
170 151.0 75.1 hs 76.0 GOrS | 114 So UIT G6.) 101.6: | 18077 170 
180 159.9 vio ard 82.5 80.8 74.6 | 121.6 | 118.3 | 107.7 | 148.0 180 
190 169.8 84.3 87.2 85.6 79.5 | 128.5 | 125.1 |] 113.8 | 156.4 190 
200 new h 89.0 92.0 90.5 84.4 | 135.4 | 1381.9 | 119.8 | 164.7 200 
210 186.5 93.7 96.9 95.4 89.2 | 142.3 | 138.6 | 126.0 | 173.0 210 
220 195.4 98.4 | 101.7 100.3 94.2 | 149.3 | 145.4 | 132.1 | 181.4 220 
230 204.3 | 103.2 | 106.6 105.2 99.1 | 156.2 | 152.2 | 138.2 | 189.7 230 
240 213.2 | 108.0 | 111.5 110.1 | 104.0 | 163.1 | 159.0 | 144.4 | 198.0 240 
250 222.1 | 112.8 | 116.4 115.1 | 109.0 | 170.1 | 165.8 | 150.6 | 206.3 250 
260 Zale aii Go Lobes 120.1 | 114.0 | 177.0 | 172.6 | 156.8 | 214.7 260 
270 239.8 | 122.5 | 126.4 125.1 | 119.0 | 184.0 | 179.4 | 163.0 | 223.0 270 
280 248.7 | 127.3 | 131.4 130.2 | 124.1 | 190.9 | 186.3 | 169.3 | 231.3 280 
290 257.6 | 132.3 | 136.4 135.3) 129.2 | 197.8.) 193.1 | 175.5 | 2389.6 290 
300 266.5 | 187.2 | 141.5 140.4 | 134.2 | 204.8 | 199.9 | 181.8 | 247.9 300 
310 275.4 | 142.2 | 146.6 145.5 | 189.4 | 211.8 | 206.8 | 188.1 | 256.3 310 
320 284.2 | 147.2 | 151.7 150.7 | 144.5 | 218.7 | 213.6 | 194.4 | 264.6 320 
330 293.1 |. 152.2 | 156.8 155.8 | 149.7 | 225.7 | 220.5 | 200.8 | 272.9 330 
340 302.0 | 157.3 | 162.0 161.0 | 154.8 | 232.7 | 227.4 | 207.1 | 281.2 340 
350 310.9 | 162.4 | 167.2 166.3 | 160.1 | 239.7 | 2384.3 | 213.5 | 289.5 350 
360 319.8 | 167.5 | 172'5 171.5 | 165.3 | 246.7 | 241.2 | 219.2 | 297.8 360 
370 ra cote fam (ea Wy Gane oan a Wy ar Gr 176.8 | 170.6 | 253.7 | 248.1 | 226.3 | 306.1 370 
380 SadOn| Leno) |) 18350 182.1 | 175.9 | 260.7 | 255.0 | 232.8 | 314.5 380 
390 346.4 | 183.1 | 188.4 187.5 | 181.2 | 267.7 | 261.9 | 239.2 | 322.8 390 
400 855.3 | 188.4 | 193.7 192.9 | 186.0 | 274.0 | 268.2 | 245.1 | 330.2 400 
410 364.2 | 198.7 | 199.1 198.3 | 191.9 | 281.7 | 275.8 | 252.3 | 339.4 410 
420 373.1 | 199.0 | 204.6 203.7 | 197.3 | 288.8 | 282.8 | 258.8 | 347.7 420 
430 382.0 | 204.4 | 210.0 909.2 | 202.7 | 295.8 | 289.8 | 265.4 | 356.0 430 
440 390.8 | 209.8 | 215.5 214.7 | 208.8 | 302.8 | 296.8 | 272.0 | 364.3 440 
450 399.7 | 215.2 | 221.1 220.2 | 213.7 | 309.9 | 303.8 | 278.6 | 372.6 450 
460 408.6 | 220.7 | 226.7 225.8 | 219.2 | 316.9 | 310.8 | 285.2 | 380.9 460 
470 417.5 | 226.2 | 232.3 931.4 | 224.8 | 323.9 | 317.7 | 291.8 | 389.2 470 
480 426.4 | 231.8 | 237.9 937.1 | 230.5 ‘ 381.0 | 324.7 | 298.5 | 397.2 480 
490 435.3 | 237.4 | 243.6 942.7 | 236.0 | 338.0 | 331.7 | 305.1 | 405.8 490 
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one-fifth of that amount, which is 0.4 gram, or 400 milligrams. 
Then 171.83 divided by 400 milligrams gives 0.4297, which, multi- 
plied by 100, gives 42.97, per cent of sucrose in the sweetened 
condensed milk. 


TABLE 101. 
A Comparison of Results by White’s Method. 


Per Cent Calcu- | Per Cent | Percentages Obtained 


lated from Lbs. of | of Sucrose | in 3 Separate Aliquots 
Batch Sample Sugar and Lbs. of | by White’s| of the Filtrate from 
Condensed Milk Method Sample No. 3 of 
Each Batch 
1 1 43.75 43.85 
2 1 45.40 45.25 
2 2 45.40 45 .04 
2 3 45.40 45.16 45.03 45 .02 
3 1 42.81 42.98 
3 2 42.81 42.99 
3 3 42.81 42.96 42.94 42.85 
4 
Condensed skim-milk 1 47.56 47.44 
2 47 .56 47 .20 
3 47 .56 47.43 47.41 47 .23 


v 


THE POLARIMETRIC METHOD FOR DETERMINING LACTOSE AND 
SUCROSE IN SWEETENED CONDENSED MILK. 


The polarimetric method for determining sugars in sweetened 
condensed milk, originally developed by Harrison’, is most 
accurate and reliable. It also requires less of the operator’s time 
than the gravimetric methods, but there is danger of error occur- 
ing in the results unless the analyst understands his work and 
follows directions closely. For determining the percentage of 
lactose in milk products that have been highly heated, as in 
sterilized evaporated milk, it is safer to use the gravimetric 
method, as the high temperature to which the milk sugar has been 
subject is believed to cause a slight change of the specific rota- 
tion. 

The polarimetric method is carried out as follows: For in- 
struments reading in the Ventzke scale weigh into a 100 ee. flask 
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26.048 grams of the homogeneous sample, add boiling hot water 
and shake thoroughly until the substance is fluid and all sugar 
erystals are dissolved, allow to stand over night preferably at a 
temperature of 30° to 35° C. to destroy mutarotation. The addi- 
‘tion of a little ammonia at this point does not seem to destroy 
all mutarotation. It is frequently advised to boil the solution 
before allowing it to stand over night. In such case the flask 
should be heated in a boiling water bath, as there is danger of 
superheating parts of the substance when using a flame or hot 


Le 
Fig. 144. Polariscope and Tube for Sugar Solution, 
Courtesy E. H. Sargent & Co. 


plate. After the solution has stood the proper length of time, 
cool to 15° C., add 3 ec. of acid mercuric nitrate, make up the 
volume to 100 ce. and add 4 cc. of water in excess for condensed 
whole milk, and 2.5 ec. in excess for condensed skim-milk. Shake 
thoroughly, filter, fill the polariscope tube with some of the 
filtrate and take the polariscope reading at about 20° C. within 
five minutes after adding the mercuric nitrate. 

Place another portion of the filtrate in a flask, weigh and 
place the flask in boiling water for 7 minutes, cool rapidly, re- 
weigh and make up any loss in weight due to evaporation. Filter, 
fill the polariscope tube with some of the filtrate and polarize to 
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obtain the invert reading, noting the temperature. The direct 
and invert reading should be made at the same temperature. hi 
not exactly at the same temperature use the invert reading tem- 
perature in the formula. 


The per cent of cane sugar is then obtained by the use of 
Clerget’s formula: 


100 (D— 
= 1 
142.68 — 5 


S = Per cent of cane sugar 

D = Direct reading 

I = Invert reading 

T = Temperature of invert reading 

Lactose (C,, H,, O,, + H, O) % = (D—S) X 1.266. 


Bigelow and McElroy’s Modification of the Polariscope Meth- 
od.1t ‘‘Thoroughly mix the condensed milk and weigh 26.048 
grams into a 100 ec. sugar flask, add water and boil. Add 30 
ec. of mercuric iodide solution (53 grams of potassium iodide, 22 
grams of mercuric chloride, and 382 ec. of glacial acetic acid 
dissolved in water and made up to a liter). Make up to the 100 
ec. mark with water, mix thoroughly by shaking and filter 
through a dry filter. Polarize a portion of the filtrate after re- 
jecting the first part that passes through. 


‘‘Weigh out another 26.048 gram quantity of the condensed 
milk, add water to dissolve and heat to 55° CG. Add half a cake 
of compressed yeast to invert the sucrose and hold the mixture at 
55° C. for five hours to complete the inversion. Add the clarify- 
ing solution, cool, make up to 100 ce. with water and filter. Obtain 
the invert reading of a portion of the filtrate. Calculate the 
percentage of cane sugar by the Clerget formula as follows: 


A—b 
S= 


t 
142.66 — — 
66 5 
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S = the per cent of cane sugar 
A = the direct reading 
= the invert reading 
t=temperature of the solution when the reading is taken. 
In applying the method several determinations should be made 
and the average of these taken. Unless the condensed milk is 


mouldy or decomposed invert sugar should be absent from the 
sample.”’ 


THE COLORIMETRIC PICRIC ACID METHOD FOR DETERMINING 
LACTOSE. 

Colorimetric methods for determining the percentage of sugar 
in milk and dairy products have not been generally adopted. 
There are places, however, where such methods may be used to 
advantage. The improved picrice acid colorimetric method is 
comparatively simple in operation, requiring few reagents, and 
when carried out with proper care it is claimed to be as accurate 
as well established methods. The method is based upon the fact 
that reducing sugars, in akaline solution (when heated) reduce 
picric acid (C, H, N, O,) which is yellow in color to picramic 
acid (C, H; N, O,) which is a deep mahogany red. 

The required solutions are: 

Picrie acid—A saturated solution prepared by heating picric 
acid in distilled water and allowing the super-saturated solution 
to crystallize out at room temperature. 

Sodium carbonate: Pure anhydrous sodium carbonate is dis- 
solved in distilled water at the rate of 22 grams per 100 ce. 

Standard lactose solution: Exactly 1.0 gram of pure dry lac- 
tose monohydrate is dissolved in one liter of distilled water (or 
proportionate amounts in other volumes). 

A Kober colorimeter was used in determining the readings 
in Table 101A. The standard color was set at 20 on the scale. 

Preparation of standard color. 

Transfer 10 ec. of the standard lactose solution to a 100 ce. 
volumetric flask, add 20 ec.-of saturated picric acid and 10 ce. 
of 22 per cent sodium carbonate. Mix, cork lightly and heat 
simultaneously with unknowns in a boiling water bath for fifteen 
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to twenty-five minutes; cool in cold water simultaneously with 
unknowns, and dilute to 100 cc. Transfer a portion of the standard 
color solution to the colorimeter cup and place on the left side of 
the colorimeter, setting it at 20. The table of factors is based on 
the standard color being set at 20. (If set at any other point the 
reading of the unknown must be calculated to the value it would 
have if the standard was at 20, before the table of factors can 
be used.) The unknown solutions, representing the lactose con- 
tent of the various samples, are compared with the standard color 
and readings taken. Due to the slight fading in color, it is 
advisable to change the standard color in the cup with each 
unknown and reset at 20. It is necessary to prepare a new 
standard color with each set of determinations and it is absolutely 
necessary to prepare the standard color along with the unknown 
under identical conditions for accurate results. 


Milk. Weigh 2 grams of milk into a 100 ce. volumetric flask, 
previously half-filled with saturated picric acid solution. Fill to 
the mark with saturated picrie acid, shake and filter. Transfer 
10 ce. of the filtrate to another 100 ce. volumetrie flask ; add 10 ec. 
of distilled water, 10 ec. of saturated picric acid, and 10 ec. of 
22 per cent sodium carbonate. Mix, cork lightly and heat simul- 
taneously with standard lactose solution, in a boiling water bath 
for fifteen to twenty-five minutes. Cool in cold water simul- 
taneously with the standard color; dilute to 100 ec. and mix. 
Transfer a portion of the colored solution to the colorimeter cup 
and place in the right side of the colorimeter. The color is 
matched with the standard color in the usual manner. The 
average of five readings constitutes the color value. 


Calculation. The percentage of lactose is found by obtaining 
the factor corresponding to the color value of the unknown 
solution from table 101A and using the following formula. 

Weight of sample 


Factor x 10 


= per cent lactose. 


In determining the lactose content of cream, approximately 
2 grams of cream are weighed into a 100 ce. volumetric flask 
previously half filled with saturated picric acid, using a Mojon- 
nier weighing cross and pipettes. Fill to the mark with saturated 
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picric acid, shake and filter. The subsequent procedure and cal- 
culation is then the same as for milk. 


Whey. Approximately 2 grams or exactly 2 ec. of known. 
specific gravity are used, with procedure similar to milk. 
Evaporated Milk. Approximately 1 gram of evaporated milk 


is weighed into a 100 cc. flask as for cream and the same subse- 
quent procedure followed. 


Powdered Milk. In powdered milk we have a product which 
is often lumpy and it is advisable to mortar all samples before 
weighing out a representative portion. This applies especially 
to whole milk powders. 

Weigh quickly, about 0.2 gram of the fine powder on a small 
watch glass. Transfer to a 100 ce. flask with the aid of a small 
funnel, washing the powder in with saturated picrie acid. Shake 
vigorously before making up to the mark or until no lumps of 
powder are noticeable. Make up to the mark with saturated 
picric acid, mix and filter, proceeding as under aforementioned 
products. 

Because of the small size of the sample and the large dilu- 
tion, this method is not accurate to within less than 0.3 or 0.4 
per cent of lactose in the powder. Other methods, however, have 
to contend with more or less the same difficulty depending on 
the amount of dilution used. 

Ice Cream: In ice cream we have a product, which not only 
contains lactose, but has considerable quantities of added sucrose 
as well. We have found by experimentation that the sucrose 
does not interfere with the determination of lactose by our pro- 
cedure, providing that the sucrose does not become hydrolized 
during the time the product is in the picric acid solution. Sucrose 
will invert comparatively quickly in the presence of saturated 
picric acid in the cold, and produce high results, whereas unin- 
verted it gives no reduction. 

In the determination approximately 1.8 grams of melted ice 
cream or ice cream mix, are weighed into a 100 cc. volumetric 
flask by means of a Mojonnier weighing cross and pipettes. The 
flask is then quickly made up to the mark with saturated picric 
acid, well shaken and filtered. The first 10 ce. of clear filtrate 
are then rapidly transferred to another 100 cc. flask and the 
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Factors for use in picrie acid method for lactose. 
TABLE 101A. 
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A. Colorimeter reading of unknown compared with standard at 20. 
B. Factor to use in calculation of results. 
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usual procedure followed. It is advisable to get the sodium car- 
bonate into the flask within fifteen minutes of the time the sample 
is first introduced into the saturated picric acid, otherwise high 
results will be obtained due to inversion of some of the sucrose. 


Condensed Milk. Condensed milk has more sucrose present 
than does ice cream so that precautions in regard to inversion 
are even more important in analyzing it. The procedure is 
entirely the same as for ice cream except that only 1 gram of 
sample is used. It is important to get a representative sample 
from the can or batch. Many cans have ‘‘sugar down’’ and 
representative portions are hard to obtain. In bad eases a 
primary dilution with warming, may be advisable. Such dilution 
should not be made with more than an equal volume of water, 
in which case 2 grams of the dilution may be used as the sample 
for analysis. It is advisable not to have any picric acid in the 
flask when the sample is weighed into it, since this will increase 
the time the sample will be in picric acid. 


Titration Method for Determining Lactose. A- new method'!” 
for the volumetric determination of reducing sugar: 


The reagent used contains per litre 46 grams of potassium 
ferricyanide and 46 grams of potassium hydroxide. To 10 cc. 
of this reagent 20 cc. of water are added and the mixture is 
brought to boiling. The sugar solution is then added until the 
eolor disappears. If the sugar solution is colored, 10 drops of a 1 
per cent solution of picric acid is added as an indicator, which 
gives a red coloration at the end of the reaction. 

For determining lactose in milk, to 10 cc. of milk are added 
10 ec. of a reagent consisting of 20 grams of acetic acid and 10 
grams of picric acid, made up to one litre. After thorough 
mixing the mixture is filtered; 10 cc. of the filtrate is neutralized 
with caustic soda, made up to 40 cc. with distilled water, and 
tested for sugar alone. 


QUALITATIVE TEST FOR SUCROSE IN MILK POWDER.” 


Preparation of Di-phenylamine. Dissolve 1 gram of di- 
phenylamine in 20 ce. of 95% alcohol and mix it with 60 ce. of 
glacial acetic acid and 120 ce. of dilute hydrochloric (equal parts 
of concentrated hydrochloric acid and water). The reagent 
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should be prepared from its alcoholic solution within a few 
hours of being used. 


Preparation of ammoniacal lead acetate. Add 560 ce. of water 
to 430 grams of neutral lead acetate and 130 grams of litharge, 
and boil for half an hour, cool, decant the clear solution, and re- 
duce its specific gravity to 1.15 with cold, recently boiled, distilled 
water. Immediately before use mix 2 volumes of the lead acetate 
solution with 1 volume of ammonia (10 grams NH, in 100 cc.). 


Operation. Warm one gram of the milk powder with 10 ce. 
of water in a test tube and add 10 ce. of freshly made ammoniacal 
lead acetate solution. Shake thoroughly and filter at once. To 
about 4 ec. of the filtrate, add about 8 ec. of the di-phenylamine 
reagent and place the tube in a boiling water bath for 10 minutes. 
The presence of sucrose is indicated by the formation of a blue 
color. 


Milk containing 0.05 per cent of sucrose gives a faint tint of 
blue and 0.1 per cent gives a strong reaction. 


TEST FOR RELATIVE SOLUBILITY OF MILK POWDER. 
Reconstitute the milk powder in the following proportion: 


9 parts of milk powder to 91 pars ‘of water when testing 
skim-milk powder. 


12 parts of milk powder to 88 parts of water when testing 
whole milk powder. 


Using the ‘‘Wizard”’ or ‘‘Lorenz’’ Sediment Tester proceed 
as follows: 

Dry and weigh all disks carefully. 

Use about 200 ce. of the reconstituted milk and make sediment 
test in the regular way, passing the milk through the filter twice. 


Rinse tester thoroughly with distilled water before removing 
disk. 


Dry disk thoroughly and weigh. 
The increase in weight of the disk divided by the weight of 


milk powder contained in the 200 cc. solution multiplied by 100 
equals the per cent of insoluble substance in the milk powder. 
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Determination of Chlorine in Milk. Weiss method!?*. To 20 
ec. of milk add 10 ce. of a 20 per cent solution of aluminum 


N 
sulphate and 8 ee. Ose NOSE Make up to 200 ec. Mix and 


filter. Titrate 100 ce. of the filtrate with 


AgNO,, using 
39.9 


K,CrO, as indicator. 


LECITHIN DETERMINATION. 


The lecithin in milk may be determined by the method of 
Bordas and Rackowski."* 


Procedure. To a mixture consisting of 100 ec. of 95 per cent 
alcohol, 100 cc. of water and 10 drops of acetic acid add very 
slowly with constant stirring 100 cc. of the milk. Separate the 
coagulum by filtration, close the lower end of the funnel tube 
and add 50 ec. of warm absolute alcohol. By means of a platimum 
spatula stir the coagulum in the alcohol and after a few minutes 
open the funnel tube and allow the alcohol to run into the filtrate. 
Wash the coagulum three times in this manner. Remove the 
aleohol from the filtrate by distillation and dry to drive off the 
last traces. Extract the residue with a mixture of equal parts 
of ether and alcohol, filter, and heat on a water bath until all ether 
is evaporated. Saponify the remaining alcoholic solution with 
caustic potash and add dilute nitric acid to decompose the soap 
formed. Heat the mixture to boiling and evaporate on the water 
bath to dryness, add 10 ec. of concentrated nitric acid, then add 
powdered potassium permanganate until the color remains for a 
short time. Add a few drops of a dilute solution of sodium nitrite 
to dissolve any manganese oxide that forms and boil. Precipitate 
the phosphoric acid by adding ammonium molybdate solution 
and after it has stood for at least 12 hours filter, and dissolve 
the precipitate with ammonium hydroxide. Wash the filter with 
hot water, cool, and add hydrochloric acid until nearly neutral. 
Add a small excess of magnesia mixture, drop by drop, with con- 
stant stirring. Let stand for 15 minutes, then add about 10 ec. of 
concentrated ammonia, and after standing at least four hours 
filter. Wash the precipitate with 3 to 5 per cent ammonia solution 
to remove chlorides, ignite, cool in a desiccator and weigh as mag- 
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nesium pyrophosphate Mg,P,0,;. Multiply the weight by 
0.36036 to obtain the magnesia (MgO), and the phosphoric acid 
multiplied by 7.27 gives the quantity of lecithin. 


THE CITRIC ACID CONTENT OF MILK AND METHODS FOR 
DETERMINING IT. 


Fresh milk contains between 0.1 and 0.2 per cent of citric 
acid, the content varying primarily according to the individuality 
of the cow from which the milk is obtained. It is probable that 
the citric acid content may also be affected slightly by the feed of 
the cow. The acid is present in milk in the form of salts of the 
alkaline elements, but investigators are not in definite agreement 
as to which of these elements are united with it. During the 
aging of milk and the development of lactic acid by the action 
of bacteria, the citric acid content gradually decreases. Other 
factors may also influence the rate at which it disappears. 


Supplee and Bellis'* after making a study of the citric acid 
content of fresh milk and concentrated milk products make the 
following statement :— 

‘‘There is apparently no effect upon the citric acid content of 
milk caused by heating during the manufacture of evaporated, 
condensed, and dried milks. The results indicate that the amounts 
found in these products, if subject to variation, must be attributed 
to causes other than heat.’’ 


The methods used by Supplee and Bellis for determining the 
citric acid content and a table showing the relative accuracy of 
the methods follow. 


Determination of Citric Acid in Milk—50 ¢.c. of milk are 
treated with 10 ce. of dilute sulfuric acid (1:1) and thoroughly 
agitated. 2 ec. of 40 per cent potassium bromide solution and 20 
cc. of a solution of phosphotungstic acid are then added. After a 
thorough mixing, the precipitate is separated by filtration. To the 
perfectly clear filtrate in an Erlenmeyer flask is added an excess 
of freshly prepared saturated bromine water (usually between 
5 and 10 ce.). The mixture is then placed on the water bath at 
a temperature of from 48-50° C. for about 5 minutes. After re- 
moving from the bath, add rapidly from a burette 25 ee. of potas- 
sium permanganate solution (5 per cent) drop by drop with 
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frequent interruptions, and with constant and vigorous shaking, 
avoiding a temperature during the oxidation exceeding 55° C. 
Set the flask aside until the hydrated peroxide of manganese 
begins to settle. The supernatant liquid should be dark brown 
showing an excess of permanganate. Add more permanganate if 
an excess is not indicated. When the precipitation assumes a 
yellow color and most of it is dissolved, add drop by drop a clear 
solution of ferrous sulfate until the hydrated peroxide of 
manganese and excess of bromine are removed. Allow the solu- 
tion to cool, shaking occasionally. Allow the mixture to stand 
over night. Collect by means of gentle suction on a tared Gooch 
crucible provided with a thin pad of asbestos previously dried 
over sulfuric in a vacuum desiccator; wash with water slightly 
acidified with sulfuric acid and finally wash twice with water. 
Dry the precipitate to constant weight over sulfuric acid in a 
vacuum desiccator protecting the precipitate from strong light. 
The weight of the precipitate multiplied by the factor 0.424 give 
the equivalent weight of anhydrous citric acid in the sample. 


Determination of Citric Acid in Milk Powder.—Weigh 5 gm. 
of powder into a beaker and reconstitute with 45 ec. of warm 
water. Mix thoroughly and proceed as with liquid milk. 


Determination of Citric Acid in Sweetened Condensed Milk.— 
Weigh out 25 gm. of the sample and add 200 ce. of 95 per cent 
alcohol. Mix thoroughly and filter. To the filtrate add enough 
0.25 N barium hydroxide to almost neutralize the solution and 
then 5 ec. of 50 per cent barium acetate in order to insure an 
excess of barium. Add about 150 cc. of 95 per cent alcohol and re- 
flux until the precipitate settles readily after being shaken. Filter 
and thoroughly wash the precipitate in the flask and on the paper 
with 95 per cent alcohol. Transfer the precipitate from the filter 
to the flask with a jet of hot water. Boil until alcohol can no 
longer be detected by odor and add enough sulfuric acid (1:5) 
to precipitate all of the barium originally present and to allow 
2 ec. in excess. Evaporate to a volume of 60 to 70 ce.; cool and 
add an excess of bromine water. Filter and add 10 cc. of potas- 
sium bromide, then place on the water bath at a temperature of 
48-50° C. and proceed as with liquid milk. 
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TABLE 102. 


Percentage of Citric Acid Recovered from Milk Products. 


Liquid Milk | Liquid Milk | Evaporated | Condensed 
and Sugar Milk ilk 


No. 1| No.2 | No.1] No.2 | No.1] No.2 | No.1] No. 2 
Oniginale saa ne eee eee 0.132/0.129|0.131/0. 1300. 2020. 204|0.096/0.090 
After adding 0.02 per cent..... 0.110/0. 104 
After adding 0.05 per cent..... 0.179/0.180|0.182|0.179|0.252/0.253|0.143)0.148 
After adding 0.10 per cent..... 0.190)0.197 
After adding 0.15 per cent..... 0.279)0.279|/0.279/0.275 


The relative accuracy of these methods is shown in Table 102 
in which is given the results of duplicate determinations on liquid 
milk with and without sugar, on evaporated milk, and on sweet- 
ened condensed milk; also duplicate results from each of these 
products after known amounts of citric acid in the form of sodium 
citrate had been added. It will be noted that the maximum vari- 
ation in duplicate results does not exceed 0.006 per cent; it is 
believed, therefore, that any significant variations occurring in the 
products examined were easily detected by the methods used. 


Second Method for Determining Citric Acid in Milk Powder. 
This method’® depends upon the oxidation of citric acid to ace- 
tone di-carboxylie acid, and the precipitation of a double salt of 
mercury acetone di-carboxylate and basic mercury sulphate. 


CH2C0O H vO 
BAX 


en Si ae Hg 


\ THe NH” 


Five grams of milk powder are made into a paste with warm 
water and washed into a 200 ce. calibrated flask, with about 120 
ec. of water. Cool to room temperature and add 50 ec. of the mer- 
cury reagent* and 2 cc. of Kahlbaum’s phospho-tungstie acid 


*Preparation of the Mercury Sulphate Reagent: Boil 68.5 grams of 
mercuric sulphate in a liter of water and add a mixture of equal parts of 
concentrated sulphuric acid and water until the basic salt at first precipi- 
tated is completely dissolved. Boil to less than a liter, filter, cool, and make 
up to a liter. Five c. c. of the reagent should require 7 to 8 ce. ec. of normal 
sodium hydroxide to give a permanent turbidity. 
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solution. Make the volume up to 200 cc. with water. Thoroughly 
mix and filter through dry paper, refiltering the first portions of 
the filtrate. Transfer 100 cc. of the clear filtrate to a beaker and 
raise to the boiling point over a flame. Remove the flame and 
add 1% potassium permanganate solution drop by drop with con- 
stant stirring until the precipitate assumes a brown color owing 
to precipitated manganese hydroxide. Place the flame under the 
beaker and add hydrogen peroxide solution (10 to 20 volumes) 
to the boiling solution, drop by drop, to remove the precipitated 
manganese. Five to 10 drops should usually be sufficient. Collect 
the precipitate on a Gooch crucible, wash with water, dry at 
100° C. and weigh. Multiply the weight obtained by 0.271 to 
obtain the weight of citric acid (C,H,0,). 


STANDARD SOLUTIONS. 


In volumetric methods of chemical analysis solutions of known 
chemical strength are employed. They are ealled ‘‘standard”’ 
solutions. When a standard solution contains in 1000 ce. a quan- 
tity of the active reagent chemically equal to one gram of 
hydrogen it is defined as a ‘‘normal’’ solution. As 1000 ce. of a 
normal solution of any reagent is chemically equal to one gram 
of hydrogen it follows that equal volumes of normal solutions of 
different reagents are chemically equal to each other. The term 
‘‘normal’’ as applied to solutions of chemical reagents is some- 
times expressed by the symbol ‘‘N/1.’’ As normal solutions are 
rather concentrated for use in making accurate analyses, solu- 
tions of one-tenth the normal strength are usually employed. 
Solutions of one-tenth normal strength may be expressed by the 
symbol ‘‘N/10.”’ 


A standard acid solution and a standard alkaline solution are 
a necessity in every chemical laboratory. Since any error in 
their accuracy will cause a corresponding error in results obtained 
by their use great care should be taken to determine their exact 
strength. Any soluble acid or base may be used in making a 
standard acid solution or alkali solution respectively. But hydro- 
chlorie acid or sulphurie acid are usually preferred for making 
the stock standard acid solution and sodium or potassium hydrate 
are preferred for making the standard alkali solution. 
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First Method. When it is desired to make up a hydrochloric 
acid solution of tenth-normal strength, first make up a solution 
of approximate strength, making certain that it is somewhat 
stronger than is finally desired. Then, after determining its 
exact strength by the method given below, caleulate and add the 
volume of water necessary to bring the solution to tenth-normal 
strength. 


Operation: When the specific gravity of the concentrated 
hydrochloric acid, from which the standard solution is to be 
made, is 1.170 or more place about 9.5 ec. of it in a liter flask 
graduated at the 1000 cc. mark. Fill the flask to the mark with 
distilled water and mix the solution thoroughly. Place 25 ee. 
of the solution in a glass stoppered, 150 ec. Erlenmeyer flask and 
add 75 ee. of distilled water. Add slowly and with constant 
agitation a 5 per cent solution of silver nitrate until precipitation 
is complete and a slight excess of silver nitrate is present. About 
15 ec. of the silver nitrate solution will usually be sufficient. The 
precipitate should be protected from the light as much as possible 
by wrapping the flask in a piece of black cloth during the whole 
operation. While it is very important to have a slight excess of 
silver nitrate present in order to obtain proper flocculation of the 
precipitate, any large excess should be avoided as the precipitate 
is slightly soluble in a silver nitrate solution. Immediately after 
adding the silver nitrate, stopper the flask, cover it completely 
with the black cloth and shake it vigorously for five minutes. 
The precipitate should then settle quickly and leave a clear 
supernatant liquid that is entirely free from cloudiness. Filter 
with the aid of suction through a previously prepared, dried and 
weighed Gooch filter. Carefully break up the compact mass of 
silver chloride on the filter with a small glass rod and rinse the 
last traces of precipitate from the flask and onto the filter using 
distilled water containing one ec. of concentrated nitric acid 
per 100 cc. of water. Continue to wash the precipitate with the 
acidified water, to remove the last traces of silver nitrate, until 
a few ce. of the water passing through shows no turbidity upon 
the addition of a few drops of hydrochlorie acid. When fissures 
appear in the precipitate during the washing process close them 
by means of a glass rod. After washing is completed place the 
crucible in an oven at a temperature of about 140° C. for 2 or 3 
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hours, cool in a desiccator and weigh. Heat again for one hour, 
weigh, and repeat until constant weight is obtained. 

Having obtained the exact weight of the silver chloride pre- 
cipitate the weight of hydrochloric acid in one ee. of the solution 
may then be obtained by applying the following rule: 

The molecular weight of one substance is to the molecular 
weight of a second substance, as the actual weight in grams of the 
first 1s to the actual weight in grams of the second, when the 
molecules are chemically equal. 

The reaction between the hydrochloric acid and the silver 
nitrate is shown in the equation: 

HCl+AgNO,—AgCl+-HNO, 

The molecular weight of AgCl is 143.33 and the same for 
HCl is 36.45. Assuming that the silver chloride precipitate ob- 
tained above weighed 0.3828 gram the following proportion may 
be formed: . 

143.383 : 36.45 :: 0.3828 : X 
(36.45 «0.8828 ) 
is 143.33 
the acid solution. 
0.09734—-25—0.003893, or gram of HCl in one ce. 

The weight of hydrochloric acid in one ec. of a tenth-normal 
solution is 0.003645, therefore, the acid solution containing 
0.003893 grams is slightly too strong. The volume to which the 
remaining 975 ce. should be made up by the addition of distilled 
water may be estimated by the following equation: 

0.003645 : 0.003893 :: 975 : X 


(975 0.003893 ) 
~~ 0.003645 

Then, 1024—975—49, or ce. of water to be added to the 975 ce. 
of the solution to make it an exact tenth-normal hydrochloric 
acid solution. 

Second method. Another method for making a tenth-normal 
hydrochloric acid solution, while probably not so accurate as 
the one described above, is often convenient to use. It is based 
on the fact that when a solution containing more than 20.2 per 
cent of hydrochloric acid in water is boiled the percentage of 


—0.09734, or gram of HCl in 25 ee. of 


=1024 
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acid will decrease until exactly 20.2 per cent of acid is present. 
At that point the acid and water evaporate in such proportion 
that the boiling liquid remains constant in composition, contain- 
ing very close to 20.2 per cent of the acid and having a specific 
gravity of 1.10 while any liquid remains unevaporated. Then 180 
grams of the solution will contain very close to 36.46 grams of 
hydrochloric acid, which is the weight of absolute acid that is 
contained in 1000 cc. of a normal solution. 


Operation :—Place 200 ee. of distilled water in a medium tall 
beaker, and place a mark on the outside of the beaker at the upper 
surface of the water, using a pencil for marking on glass. Add to 
the water in the beaker 300 cc. of concentrated hydrochloric acid. 
Boil the liquid until so much has evaporated that its upper sur- 
face is again on a level with the pencil mark, or until the beaker 
contains approximately 200 ee. Cool the liquid to room tempera- 
ture and weigh out 180 grams of it. Dilute the 180 grams to 
1000 ee. with distilled water. The resulting solution is a normal 
solution of hydrochloric acid, and 100 ce. of it diluted to 1000 cc. 
with distilled water gives a tenth-normal acid solution. 


Standard alkaline solution:—A normal or tenth-normal alka- 
line solution may be made by standardizing an alkaline solution 
of unknown strength against the tenth-normal acid solution. 
The process may be carried out as follows: Weigh in a closed 
container about 44 grams of chemically pure caustic soda (stick 
form). Dissolve the caustic soda in distilled water and make the 
solution up to 1000 ec. This will give a solution a little stronger 
than normal. Dilute exactly 10 ce. of it to 100 cc. and titrate 
exactly 10 ec. of the tenth-normal acid solution with the diluted 
alkaline solution, using phenolphthalein as an indicator and run- 
ning the alkaline solution from a burette into the ten ce. of acid 
until exact neutrality is reached. Less than 10 ce. of the alkaline 
solution will be required if the work is done correctly. Next 
calculate the volume of water to add to the normal alkaline 
solution. ~ 


Problem: Suppose it required 9.5 ec. of the alkaline solu- 
tion to neutralize 10 ee. of the acid solution. 


How much distilled water must be added to the alkaline solu- 
tion to dilute it to proper strength ? 
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1000—10.0=990, ce. of alkaline solution remaining. 
990—9.5=104, 


104>.5=52, ec. of distilled water to be added to the alka- 
line solution. 100 cc. of this standardized normal alka- 
line solution diluted to 1000 ce. will give a tenth-normal 
alkaline solution and 10 ce. of the latter should exactly 
neutralize 10 ce. of the tenth-normal acid. 


TENTH-NORMAL SOLUTION OF SILVER NITRATE. 


The molecular weight of silver nitrate is 169.89. As silver is 
a univalent element and the molecule of silver nitrate contains 
only one atom of it, 16.989 grams of pure silver nitrate in 1000 ee. 
of water solution gives a tenth-normal solution. The so-called 
chemically pure silver nitrate available at chemical supply houses 
usually contains traces of water and other foreign substances. 
When it is used in making up a standard solution allowance must 
be made for these impurities. A number of determinations have 
shown that 17.6 grams of the so-called chemically pure silver 
nitrate are usually required to make a liter of tenth-normal 
silver nitrate solution. After weighing out 17.6 grams of silver 
nitrate, dissolving it in water and making the solution up to 1000 
ce., its exact strength may be determined by checking it against 
tenth-normal hydrochloric acid as follows: 


Neutralize 25 ec. of tenth-normal hydrochloric acid with dilute 
sodium hydroxide. Add a couple of drops of 10% potassium 
chromate solution as indicator and run in, from a graduated 
burette, some of the silver nitrate solution until a drop or two 
changes the color from a light yellow to a permanent light brown 
color, which shows that all of the chlorine has combined with 
the silver and that there is present a trace of silver in excess to 
form red silver chromate. If 25 ec. of the silver nitrate solution 
is required to neutralize 25 ce. of the tenth-normal hydrochloric 
acid, the former solution is of tenth-normal strength. If less 
than 25 ee. is required the solution is too concentrated and may 
be diluted to the proper strength by calculating and adding the 
necessary volume of water. Then again check against tenth- 
normal hydrochloric acid as in the first instance. 
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ACID TESTS OF MILK AND CREAM. 

Since the percentage of acid in dairy products has an im- 
portant bearing on the quality and method of handling the 
products and the use to which they may be put, the acid test 
becomes of importance in the dairy industry. The test is based on 
the principle that a definite weight of a given alkali unites with 
a definite weight of a given acid. Therefore, when the weight 
of an alkali required to neutralize the lactic acid in a definite 
weight of milk is known, the weight and percentage of acid in 
the milk may be readily calculated. 


Sodium hydrate is the substance commonly used in making the 
neutralizing solution used in the acid 
test. The weight of sodium hydrate 
(NaOH) chemically equal to 1 gram of 
hydrogen is 40 grams, and 1 ec. of a 
normal solution of it contains 0.04 
eram. The weight of lactic acid 
(C;H,O;) chemically equal to one gram 
of hydrogen is 90 grams, and one ee. of 
a normal solution of it contains 0.09 
gram. Since equal volumes of normal 
solutions are chemically equal to each 
other, 0.04 gram of sodium hydrate is 
equal to 0.09 gram of lactic acid. As 
normal solutions are too concentrated 
for accurate work, solutions of one- 
tenth the normal strength are com- 
monly used. These are known as tenth- 
oo normal solutions. One ee. of tenth-nor- 

Fig. 145. mal sodium hydrate solution contains 
Nafis Acidity Tester. : - 

Courtesy 0.004 gram and is chemically equal to 

Louis F.. Nafis, Ine. 0.009 gram of lactic acid. 

In making an acid test a known weight of the milk is neutral- 
ized with tenth-normal sodium hydrate solution using phenol- 
phthalein as an indicator. The ce. of tenth-normal solution re- 
quired are multiplied by 0.009 to obtain the weight of lactic 
acid. The product thus obtained divided by the weight of milk 
neutralized, and the quotient multiplied by 100 gives the per- 
centage of acid in the milk. 
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A number of different titration tests for determining the per- 
centage of acid in milk have been devised. They aim to simplify 
the operation and remove factors that might cause error. Some 
of the more important tests follow. 


Mann’s acid test:—Measure 50 cc. of milk or cream from a 
pipette into a beaker. Draw the pipette full of water and run 
the water into the beaker, add 7 or 8 drops of phenolphthalein 
indicator solution and run in from a burette tenth-normal sodium 
hydroxide solution with constant stirring until the pink color that 
develops does not disappear within 15 seconds. Calculate the per 
cent of acid by multiplying the ec. of tenth-normal alkali required 
by 0.018. One ee. of the alkaline solution neutralizes 0.018% of 
lactic acid when 50 ce. of milk is used in the test. 

The Publow Acid Test :—Measure 8.8 ce. of milk or whey into 
a white cup, add 3 or 4 drops of phenolphthalein indicator solu- 
tion and run in, from a graduated burette, tenth-normal sodium 
hydroxide solution with constant stirring until a slight permanent 
pink color develops. Each cubic centimeter of the tenth-normal 
alkali required equals 0.10% of acid in the milk. The test is 
simple, accurate, and uses a very small amount of neutralizing 
solution. In testing cream weigh 9 grams into the white cup 
then proceed as in testing milk. 

The apparatus as originally devised consists of a bottle, for 
holding the alkaline solution, which has a hole drilled through 
the bottom. <A brass tube is sealed in the hole and provided with 
a pinch cock which permits the alkaline solution to be drawn 
from the bottle into a burette suspended from the shelf on which 
the bottle rests. 

Farrington’s Alkaline Tablet Test:—In this test alkaline 
tablets are used for making up the neutralizing solution. Each 
tablet contains indicator and sufficient alkali to neutralize .03492 
gram of lactic acid. When 5 tablets are dissolved in water and 
the solution is made up to 97 ce. one ce. of it will neutralize 0.01 
per cent of lactic acid if a Babcock pipette full of the milk, or 
18 grams are used in making the test. A tenth-normal alkaline 
solution may be made by dissolving the tablets in water at the 
rate of 24 tablets for each 100 cc. of water. As the strength of 
the tablet solution will change if held indefinitely, it is necessary 
to make up the solution on the day that it is to be used. 
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Operation:—For routine work in testing milk or cream, dis- 
solve 5 tablets in distilled water or rain water and make the solu- 
tion up to 97 cc. Fill a burette with the tablet solution and run it 
slowly into 18 grams of milk, or cream, that has been placed in 
a white cup, until the acid is neutralized. The milk may be 
measured into the cup with a Babcock pipette, but for obtaining 
maximum accuracy in testing cream, the test sample should be 
weighed. Stir the contents of the cup while the tablet solution is 
running in. When a permanent very light pink color develops, 
all of the acid has been neutralized and no more solution should 
be run in. 

Each cubic centimeter of the solution used equals 0.01 per 
cent of acid. Thus, when 20 ce. of the tablet solution is required 
to neutralize the acid in 18 grams of milk, the per cent of acid 
present is 200.01=—0.20 per cent. 


The Nafis Acid Test. Transfer the dry neutralizer supplied 
with the test. to the volumetric flask. Fill the flask to the line 
upon the neck with distilled water. Set up the apparatus as 
shown in the cut. The burette is graduated to read directly in 
percentage of lactic acid, when directions are followed. The 
burette readjusts itself to zero when refilled. 

Liquid products like milk, whey, buttermilk and skim-milk, 
‘are measured with the 9 grams pipette and transferred to the 
beaker cup. Rinse pipette once with equal amount of water. 
Add 2 drops of indicator to the sample, then add the neutralizer 
from the burette, adjusted to the zero reading, until the color 
of the sample matches the color of the colored stirring rod. Take 
reading to the bottom of the memiscus. 

With concentrated milk products weigh any convenient 
amount less than 9 grams. Dilute to 18 ee. Proceed with test 
as above. Calculate results by proportion as shown by follow- 
ing example: 


Wt. Sample’ Burette reading Burette reading 
used +9 (grams) = with sample — if 9 grams were 
(grams) used. used. 


4.5000 = 9 = 18 — xX 
X = .36, or per cent acid in product tested. 
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TABLE 108. 
Titratable Acidity of Various Dairy Products. 


Approximate Average | Number of ce. | Acid Equival- 


NAME OF PRODUCT Percentages of N/10 Alkali | ent Calculated 
—_ |. per L00/Gramei as berC@ent 
Fat Total Solids} of Product Lactic Acid 
Whole milk, freshly drawn...... 3.70 12.30 17.0 153 
Skimemilkeiresier ens fae... 10 8.90 18.0 158 
Wream: freshee we. oo tks se). ae 18.00 25.60 14.5 .130 
Cream fresh ee eytaten eee se 22.00 29.25 13.8 126 
Greammutresh wey pr ee 30.00 36.50 12eA Atal 
(Creammtreshisroe no. eke 40.00 45.55 10.6 095 
Whole milk, sour, curdled upon 
JESSE LOY Ce ca ee, ne PARI Bea 3.70 12.30 31.0 280 
Buttermilk from churn— 
From sweet cream........... 700 9.50 24.4 22 
From ripened cream.......... 30 9.30 Ue asl .70 


Buttermilk prepared from skim- 


milk using pure cultures, ten 

per cent water added......... 18 8.10 83.2 BYA) 
Buttermilk condensed to semi- 

SOUGICONGItIO DN ee eee ee 2.50 32.50 511.0 4.60 
Whey from American cheddar 

cheese when drawn from curd. 30 6.8 31.0 28 
Evaporated milk just after con- 

densing and before sterilizing.} 8.00 26.15 38.8 85 
Evaporated milk just after 

SUCTULZIT Oyeee en ny eee 8.00 26.15 42.2 .38 
Evaporated milk after being in 

cold storage one year........ 8.00 26.15 46.6 42 
Condensed skim-milk ann 

ineshly prepared... . 4.2.26 4: .60 25.50 55.0 50 
Sweetened condensed skim-milk.}......... 70.00 62.2 56 
Sweetened condensed wholemilk| 8.00 42.50 42.2 38 
Powdered skim-milk........... 1.50 97.50 205.5 1.85 
Powdered whole milk.......... 28 .00 97 .50 144.4 1.30 
Powdered cream from cream 

testing 18 per cent fat........ 70.50 97.50 77.7 70 
Powdered buttermilk .......... 5.00 97.50 866.6 7.80 
IBUEtCr ae Hae acess cme errs 83.00 85.50 Pat tl 25 
Cheese, American cheddar after 

TPM IN yo ante eer eer 34.00 63.00 222.2 2.00 
Cheese, cottage, freshly prepared] 3.70 27 .20 238.3 2.10 
Ice cream mix, freshly prepared] 8.00 34.00 40.0 20 
Ice cream mix after aging at 

AQ- Ha for 24ehours aa e 8.00 34.00 42.2 22 
Ice cream mix freshly prepared.| 12.00 36.00 Bila! OE 
Ice cream mix after aging at 

AVE sfOR 24s hOUlS sem eerie 12.00 36.00 32.2 ai, 


618 ANALYSIS OF Datry PRODUCTS 


The Alakali Required to Neutralize One Hundred Grams of the 
More Common Dairy Products and Its Lactic Acid Equivalent. 


When phenolphthalein is used as the indicator the volume of 
tenth-normal alkali required to neutralize 100 grams of fresh 
milk may vary quite widely for samples of milk from different 
sources. But rarely would less than 10 ce., or more than 25 cc. 
of the alkali be required, the average being about 16 cc. The 
amount of alkali required appears to be largely independent 
of the amount of the principal milk solids present, but it is more 
directly affected by the amount of phosphates. The richer milk 
does not always have the higher phosphate content. 


For milk and milk derivatives that have been concentrated 
or allowed to undergo acid development, the volume of tenth- 
normal alkali required to neutralize 100 grams may be largely 
increased as shown in table 103. 


The Milk Sediment Test:—-The sediment test is used for the 
purpose of collecting the insoluble dirt in milk. The test has 
some value as a factor in determining sanitary quality, and also 
makes it possible to demonstrate to careless dairymen the need 
for exercising constant vigilance in handling milk. The test is 
usually appled at the milk receiving station. 


There are two different forms of apparatus on the market. In 
the ‘‘Wizard’’ instrument the essential part consists of a cotton 
disk one inch in diameter that rests on a wire strainer held in place 
by a metal band so constructed that it can be readily adjusted to 
the top of a milk bottle. The apparatus is also provided with 
a side tube and rubber bulb for passing air into a milk bottle 
when the apparatus is attached. In applying the test, the 
apparatus, with a cotton disk in place, is adjusted to the top of 
a milk bottle, or similar container which is full of milk. The 
bottle is then inverted and one pint of the milk is allowed to pass 
through the cotton disk. The insoluble substance in the milk 
collects on the white cotton disk where it is plainly visible. The 
disk may be readily removed and replaced so that testing succes- 
sive samples may proceed quickly. The disks containing the 
visible dirt may be attached to sheets of paper, dried and held 
for comparison and reference. 
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The Lorenz (Wisconsin) sediment tester is similar to the Wiz- 
ard but is connected to a copper holder for the milk. 

In the other form of apparatus some of the milk.is placed in a 
test tube that is somewhat pointed at the bottom. The tube is 
then whirled for 10 minutes in a centrifuge at a speed that throws 
down the insoluble sediment and collects it in the bottom of the 
tube. The amount of sediment present may then be estimated 
and such further examination made as the case demands. 


2, 
b> 
2 
IB 
a) 
z 
FS 
a 


92 W200: ZNSuOT eS 


Fig. 146. Wizard Sediment Tester. Fig, 147. Wisconsin Sediment Tester. 


The Alcohol Test.—This test is used to some extent at milk 
receiving plants and condenseries to assist in distinguishing ab- 
normal milk and milk that, after condensing, will not withstand 
temperatures high enough to insure sterilization without forming 
objectionable curd. The test is carried out by placing 2 ce. of the 
milk in a small test tube, adding an equal volume of 68 to 75 
per cent alcohol, and mixing by inverting twice while closing 
the tube with the finger. 

If a flakey white precipitate forms it is thought to indicate 
that the milk is abnormal. The amount of the precipitate and the 
size of the flakey particles forming it, indicate the degree of 
abnormality. When the mixture is shaken in a way that causes 
it to splash against the sides of the test tube for about an inch 
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above the surface of the liquid, the flakey particles become at- 
tached to the wall of the test tube where their number and size 
may be noted. 

Alcoholic solutions varying in strength may be used in making 
the test, but in practical work a 68 or 70 per cent solution gives 
good results. It is important to know definitely the strength of 
the alcoholic solution, since a difference of 3 or 4 per cent in con- 
centration may have considerable effect on the result of the test. 
Experiments carried out by one of the authors indicate that 
milk which gives a negative test when fresh will give a positive 
test when between 0.015 per cent and 0.02 per cent of real acidity 
has developed, and that the result is independent of the 
‘‘apparent’’ acidity of the fresh milk. 

Dahlberg and Garner,*® using a 75 per cent alcoholic solution 
on 90 samples of milk of varying acidity, 45 of which showed 
coagulation by the alcohol test, found that 48 of the 45, when 
evaporated and sterilized at 112.8° C. (235° F.) for 30 minutes, 
showed curdiness after shaking. 

The 45 samples that gave a negative reaction with the 75 per 
cent alcohol, after evaporation and sterilization, showed only 3 
curdy samples after shaking. The results of the experiment and 
comments by the investigators follow: 

TABLE 104. . 
Comparison of Alcohol and Acid Tests at Grove City Creamery. Milk con- 


centrated 214 to 1 and Sterilized at 235° F. for 830 minutes. Effect 
of Sterilization Noted After shaking for 1 minute. 


Coagulation with 75 No Coagulation with 75 
Per Cent Alcohol Per Cent Alcohol 
ACIDITY Effect of Sterilization Effect of Sterilization 
Total Total —_ 
Samples Curdy Not Curdy | Samples Curdy Not Curdy 
Per cent 
O4 toOisa 3 3 OPM | raver ey Ma Gap CR tar eet te 
OontolO Sl Gare 5 5 0 1 0 1 
OlGitol0nl(iae eae 10 8 2 9 0 9 
ON EtOlON Sipe 11 11 0) 12 il 11 
CO pailfes ix) (OIRO), 5 5 a. 10 10 0 Wk... 1 10 
OS tolOkZO Nera. 5 5 0 10 0 10 
0220 TovOezileee 1 1 0 2 1 1 
Ocala 45 43 2 45 3 42 
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“It seems quite certain that there is some condition of raw 
milk coagulating with 75 per cent alcohol, making it impossible 
to sterilize without getting a curdy finished product, for such 
milks when evaporated and sterilized give a much firmer coagula- 
tion than those showing a negative reaction with 75 per cent 
alcohol. In some instances the coagulation, even at the lower 
temperatures used, is such that the product turns to a hard 
cheesy mass incapable of improvement with long-extended shak- 
ing. Figure 1, showing the type of curd obtained in sterilization, 
indicates clearly the difference which must exist in the condition 
of milk coagulated with 75 per cent aleohol. Only 6.7 per cent 
of the samples made from milk coagulating with alcohol gave a 
soft curd, the remainder giving either a firm or a hard curd, both 
of which are as a rule difficult to shake out to give a product 
showing no curdiness. With the evaporated samples from raw 
milk not coagulating with 75 per cent alcohol 88.9 per cent gave 
either a soft curd or no coagulation at all, the remaining 11.1 
per cent giving a firm curd. The soft curds shake out very easily, 
giving a smooth-bodied product of good consistency showing no 
curdiness.”’ ‘ 

From the results obtained in the above experiment and fur- 
ther work along somewhat similar lines the investigators drew 
the following conclusions: 

‘‘1, The acid test as ordinarily used will reflect a portion of 
the unsatisfactory milks, but as a whole it is unreliable and inade- 
quate as a means of determining the quality of milk for conden- 
series where evaporated milk is manufactured. 

“9. There is no direct relation between the coagulation of 
milk with alcohol and its titratable acidity, but milks high in 
titratable acidity as a result of fermentation will in the large ma- 
jority of cases show coagulation with alcohol. 

3. The alcohol test shows good possibilities as a practical and 
reliable test for determining the quality of milk for condenseries 
making evaporated milk. How generally the test can be applied 
will require further investigation at other condenseries. It is 
believed that it can be used to advantage in a large majority of 
average factories.”’ 

Ayers and Johnson” state that ‘‘when the 68% alcohol test is 
positive with a sample of market milk, it is evident that there is 
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some change in the milk from normal]. .In some cases it may be 
due to an increased acidity and in consequence a change in the 
casein of the milk, due to bacterial action. In other cases, it may 
be due to a pure rennet fermentation or there may be a combina- 
tion of an acid-and-rennet fermentation. In such cases the bac- 
teria count would undoubtedly be high. However, there still 
remains to be explained the reason for a positive alcohol test in 
samples of market milk with a low bacteria count and low 
acidity.’’ 


HEATED MILK, PRESERVATIVE AND COLOR TESTS 


Heated Milk Test. Storch has shown that milk when heated 
to 79° C. (174°F.) loses its power to reduce peroxides, and he has 
devised a test for distinguishing between raw milk and milk that 
has been heated to the temperature named above. He used hy- 
drogen peroxide and paraphenylenediamine hydrochloride. Cal- 
cium peroxide is quite stable and serves as well or better than 
hydrogen peroxide. To apply the test place about 5 ec. of the 
milk or cream in a test tube or other container, add from the 
point of a pen knife a little paraphenlyenediamine hydrochloride 
about the size of a kernel of wheat and an equal volume of eal- 
cium peroxide, shake thoroughly and in a very short time the 
mixture will turn to a blue color if the milk has not been heated. 
If an excess of calcium peroxide is used the milk develops a pink 
or red color. 

The same test may be used to distinguish between butter made 
from raw or pasteurized cream provided the heated cream is 
raised to 79° in the process. In applying the test, fill a test tube 
with butter and place it in water at a temperaure near 130° F. 
until the fat melts and the water and casein in the butter settle 
to the bottom. Pour off most of the fat and then complete the 
test as directed for milk. 


Heated milk test: Rochaix and Thevenon'™ developed a test 
which can be applied to milk heated to 85° C. or higher. It is 
based upon the reaction of pyramidon in the presence of oxidiz- 
ing materials, giving a violet coloration. Fresh milk alone shows 
coloration. 


The reagents used are: (1) Solution pyramidon, 2 grams dis- 
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solved in 50 cc. water; (2) H,O,, 1 to 12 dilution; (3) MgS0O,, or 
CaCl,, 1 to 5 dilution, and (4) acetic acid, 1 to 5 dilution. 

To 20 cc. of milk add a few drops of acetic acid. Shake. 
Filter. To 2 ce. of filtrate, add 4 tod drops of H,O,, and 2 or 3 ce. 
of solution of pyramidon. Shake and heat gently, at not to 
exceed 60 — 65° C. The reaction occurs slowly in the cold. The 
color is intensified by using the salt solutions named. 

Hekma*® has developed the following method for detecting 
heated milk: 

Add 5 ee. of 0.1 to 0.2 per cent solution of trypan blue to 5 ee. 
of milk. Let the mixture stand for 10 minutes and centrifuge. 
The sediment obtained is mixed and observed under the 
microscope. 

Heated milk sediment contains intensely colored cells while 
the cells in the sediment from the raw milk are not stained. 


Evenson’s Color Test** for ‘‘Remade Milk and Cream’’: Pro- 
cedure for Milk, Place 25 cc, of milk in a 250 ce. beaker, add 25 
ee. of distilled water, warm to 25 or 30° C. and precipitate the 
eurd by adding 4 ce. of 10 per cent acetic acid. Add 200 ce. of 
distilled water, let settle for some time, decant the supernatent 
liquid through a 166 mesh bolting cloth. Wash back into the 
beaker any curd left on the cloth and fill the beaker with water, 
allow the curd to settle and decant as before. Repeat the wash- 
ing 3 or 4 times, then transfer the curd to a 15 em. rapid double 
filter and wash at least 38 times, filling the funnel nearly full each 
time and breaking the curd up with a glass rod to facilitate the 
washing. Remove the filter with contents from the funnel and 
squeeze out the water. Place the curd in vials of clear glass 17 
by 100 mm., add 10 ce. of 5 per cent sodium hydroxide, and, using 
a glass rod, break up and mix the curd with the liquid. 

The curd from remade milk will begin to develop a yellow 
color in about two hours; the final observation being made after 
several hours. For comparison, make in like manner a test on a 
sample of pasteurized milk. 

Procedure for Cream. Add 15 ce. of water to 15 ec. of cream 


and warm to 30 or 35° C., precipitate the curd with 2 cc. of 10 
per cent acetic acid, filter and wash. Remove most of the fat by 
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washing, first with 25 to 40 ec. of 95 per cent alcohol, then with 
50 to 75 ec. of pure acetone, adding small amounts at a time and 
breaking up the curd with a glass rod after each addition. Wash 
thoroughly with water to remove acetone, drain, place in vials 
like those used for milk and add 10 ee. of sodium hydroxide. 
Make, in like manner, a comparative test on a sample of pas- 
teurized cream. 

Further investigations'®? by Evenson show that the albumin 
from remade milk differs from that in fresh milk and a color test 
showing this difference was developed. 

Pozzi-Escot'®© states that during the sterilization of milk, lac- 
tose, or products formed by decomposition of the lactose, com- 
bine with the proteins and are not separated during the washing 
process. It is the substances resulting from this combination that 
produce the yellow color in the reaction with sodium hydroxide. 
He proposes the following modification of Evenson’s color test 
for remade milk. Dilute about 25 ec. of milk with an equal 
volume of water and precipitate the casein with a little dilute 
sulphuric acid. Shake vigorously and centrifuge, then wash the 
casein several times by mixing with distilled water and centrifug- 
ing between each washing, until the washings do not give a test 
for lactose when treated with a-napthol and sulphurie acid. Place 
the casein in tubes and add 10 to 15 ec. of 5% sodium hydroxide 
solution. Warm for several minutes by immersing ‘in boiling 
water. The casein from sterilized milk or mixtures of it give a 
yellow color to the solution while that obtained from fresh milk 
is colorless. | 


Hener’s Test for Formaldehyde. Place about 10 cc. of milk in 
a test tube or Babcock test bottle and add an equal volume of 
commercial sulphuric acid, but do not shake. <A bluish violet zone 
forms where the acid comes in contact with the milk when formal- 
dehyde is present. Leonard states that pure acid will not give 
the test and advises the addition of a few drops of a 10%. solution 
of ferric chloride before adding the acid. The test is very deli- 
cate, showing one part of formaldehyde in 200,000 parts of milk. 
If a large amount of formaldehyde is present the color change may 
not take place, therefore, when testing suspected milk if a nega- 
tive test is obtained, add a volume of water equal to the volume of 
milk and repeat the test. 


MISCELLANEOUS TESTS 625 


Hener’s test does not give the color change in the presence of 
a nitrite. For this reason nitrites are sometimes added to formal- 
dehyde that is to be used surreptitiously for the purpose of pre- 
serving market milk. In making a test it is necessary to first 
remove the nitrite. In a report to the local Government Board 
(London) Monier-Williams advises the following procedure: Mix 
5 ¢.¢. of milk with 5 ¢. c. of water and add 0.5 ¢.c¢. of a 10% solu- 
tion of urea, and 1 ¢.c¢. of a 5% solution of sulphuric acid. Heat 
the mixture in boiling water for 2 minutes, cool and apply the 
test as described above for formaldehyde in milk when nitrites are 
absent. 


Vanillin also gives a color reaction similar to that produced 
by formaldehyde, therefore the test cannot be applied to cream 
flavored with vanilla. 

Thevenon Test for Formaldehyde. Thevenon'* has developed 
a new method for detecting formaldehyde which is carried out 
as follows: 

Add to formaldehyde an excess of (metol) crystallized sul- 
phate of methylparamidometacresol. A greenish red coloration 
develops slowly in the cold, but rapidly when hot. 

To 5 ee. of formaldehyde in a test tube add .380 grams 
erystallized metol. Heat in water bath at 70-75° C. Higher 
temperature changes color to yellowish brown. 

The above reaction is obtained in the presence of lactic and 
acetic acids, MgSO,, and Na,SO,. Alkalis give a reddish brown 
color. 

The above test is applicable to milk using the milk serum for 
making the test. 


Quantitative Determination of Formaldehyde in Solution. Rob- 
inson 2? states that he has found that the method for the deter- 
mination of formaldehyde in formaldehyde solutions as outlined 
in the Journal of the Association of Official Agricultural Chem- 
ists, Numbers 1, Volume II, Part 11, page 17, gives erroneous re- 
sults. He states that the errors are probably due to loss by 
volatilization or to incomplete oxidation. For accurate determina- 
tions he recommends the following method: 

“Measure 25 ec. ec. of N/1 sodium hydroxide into a 200 ¢. ¢. 
Erlenmeyer flask and add 50 ¢. ec. of hydrogen peroxide. Weigh 


626 ANALYSIS OF Dartry PRODUCTS 


out accurately 1.5 to 2.0 grams of the formaldehyde solution under 
examination, and add by means of a pipette, allowing the point 
to reach nearly to the liquid in the flask. Set aside for several 
hours, or preferably, over night. Titrate the excess sodium hy- 
droxide with N/1 acid, using purified litmus solution as an indi- 
eator. One ec. ec. of N/1 sodium hydroxide is equivalent to 30.02 
milligrams of formaldehyde.”’ 

It is important to use sufficient hydrogen peroxide solution, 
and if it is not neutral it should be made so with sodium hydrox- 
ide, using the litmus solution as an indicator. 


Detecting Hypochlorites in Milk and Cream. Attempts have 
been made to delay the growth of bacteria in market milk by 
the addition of hypochlorites as preservatives. Rupp’? reports 
being able to detect in milk and cream available chlorine, such 
as that derived from hypochlorites and chloroamines, in amounts 
of one part in 50,000. The test was made by placing 5 ec. of the 
milk or cream in a medium sized test tube, adding 1.5 cc. of 7 
per cent potassium iodide solution and 4 ee. of hydrochloric acid 
(1:2). The tube with contents was placed in water at 85° C. 
for 10 minutes, then cooled and 0.5 to 1 ee. of starch solution 
was added. A pale yellow color of the liquid, below the curd, 
changing to a light-reddish purple, and passing through red 
purple into a deep-blue purple as the amount of chlorine is in- 
creased, indicates the presence of the available chlorine. 


Schmidt’s Test for Sodium Carbonate: Mix 10 ¢. c. of milk 
with 10 ¢. ¢. of aleohol and add a few drops of a 1 per cent rosolic 
acid solution. Mix and in the presence of sodium carbonate a 


rose-red color develops. Pure milk develops a brownish-yellow 
color. 


Detection of Boracic Acid or Borax. Place about 10 «¢. c. of 
milk or cream in a platinum dish, make alkaline with sodium 
hydroxide solution, evaporate to dryness and burn to an ash, add 
a few drops of concentrated hydrochloric acid to make strongly 
acid and about one ce. of water. Stir with a glass rod then place 
strips of tumeric paper in the dish so that one end of the strip 
extends up over the edge. After soaking for a few minutes re- 
move the strips and allow to dry on clean porcelain or glass at 
a gentle heat. When dry the tumeric paper will take on a char- 
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acteristic deep brown-red color which will turn to a dark olive- 
green when treated with a little alkali. 

When an inexperienced operator is making the test on a sus- 
pected sample a comparative test should be run in like manner on 
a sample of known purity. 

Boracie acid or borax in butter may be detected by melting 
about 25 grams of the butter in a test tube and allowing the curd 
and water to settle to the bottom. Using a pipette, draw off most 
of the aqueous portion and place it in an evaporating dish, make 
alkaline and evaporate to about one-third of original volume, 
acidify with concentrated hydrochloric acid and apply strips of 
tumeric paper, completing the test as for milk. 


Salicylic Acid Test. Acidulate 50 ¢. ¢. of the milk with 
hydrochloric acid, and shake with 100 c. ¢. of ether. Do not shake 
vigorously enough to form an emulsion. Pour off ether ex- 
tract, evaporate nearly to dryness, add a few drops of water and 
then a little ferric chloride solution. In the presence of salicylic 
acid a deep violet color develops. 


Test for Nitrates in Milk: Since nitrates are not found in 
pure milk but are often present in water obtained from wells and 
springs, their presence in milk may indicate adulteration. The 
absence of nitrates is not proof that water has not been added 
to milk since water free from nitrates may have been added. 

Nitrates in milk may be detected as follows: Dissolve one 
part of chemically pure diphenylamine in 100 parts of chemically 
pure sulphuric acid. Place about 6 c. c. of the milk in a test tube 
and add about 3 ¢. ec. of the sulphuric acid-diphenylamine solu- 
tion allowing it to run down the side of the tube and under the 
milk. In the presence of nitrates a blue color at the junction of 
the liquids indicates the presence of nitrates. The color may often 
be only transitory, owing to the action of the sulphuric acid on 
the milk. A very slight rotary motion usually causes the color 
to appear for an instant when nitrates are present, but the color 
quickly disappears in the liquid that is darkened by the action of 
the sulphuric acid on the milk solids. 

Stoke’s Method for Detecting Gelatin in Milk or Cream. Dis- 


solve one part by weight of mercury in 2 parts by weight of con- 
centrated nitric acid (Sp. Gr. 1.42), and add 25 times its volume 
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of water. Place 10 c. c. of this solution in a test tube together 
with an equal volume of cream, and add 20 «. ¢. of water, shake 
well, let stand for 5 minutes and filter. The filtrate will be cloudy 
or opalescent if much gelatin is present. Pour some of the filtrate 
into a test tube and add an equal volume of a saturated solution 
of picric acid. If the solution remains clear gelatin is absent. 
Small amounts of gelatin produce a cloudiness, and larger 
amounts a stringy yellow precipitate. 


Detection of Foreign Color.*® Leach’s method: Add about 5 
ce. c. of acetic acid to 150:e. c. of milk in a porcelain dish and heat 
slowly nearly to the boiling point while stirring. With a stirring 
rod gather the curd into one mass or when the curd remains in 
small particles separate it from the whey by straining through a 
sieve. Press the whey from the curd, break it into small pieces 
and place in a flask, add 50 ¢. ec. of ether, macerate thoroughly 
and allow to stand for several hours in a tightly stoppered flask, 
shaking at intervals. 


Annatto: Pour off the ether extract into an evaporating dish 
and evaporate the ether on a water bath. Make the residue alka- 
line with sodium hydroxide, and pour upon a small wet filter 
while still warm. When the solution has passed through the filter, 
wash the fat from the filter with a stream of water and dry the 
paper. If the paper is colored orange the presence of annatto is 
indicated. Confirm the test by applying a drop of stannous 
chloride solution to the paper, which in the presence of annatto 
produces a characteristic pink on the orange colored paper. 


Analin Orange. After extraction with ether the curd is per- 
fectly white from uncolored milk, or milk that has been colored 
with annatto. If the extracted curd still has distinct orange or 
yellow color, it indicates the presence of analin orange. To con- 
firm the presence of this color, place a lump of the extracted curd 
in a test tube and add a little strong hydrochloric acid. In the 
presence of analin orange, the curd turns pink at once. 


Caramel. - If the extracted curd has a dull brown color the 
presence of caramel is indicated. Treat a lump of the curd in a 
test tube with strong hydrochloric acid and heat gently. In the 
presence of caramel the acid solution will gradually turn blue, 
as will also the extracted curd from uncolored milk. It is only 
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when this blue coloration of the acid solution occurs in connec- 
tion with a brown colored curd, which itself does not change 
color, that the presence of caramel is indicated, as distinguished 
from the pink coloration produced at once under similar con- 
ditions by analin orange. 


ANALYSIS OF BUTTER AND BUTTER SUBSTITUTES A. 0. A. C. 
METHOD. 

1. Preparation of Sample—Official. If large quantities of the 
butter are to be sampled, use a butter trier or sampler. Com- 
pletely melt the portions thus drawn, 100 to 500 grams, in a 
closed vessel at as low a temperature as possible. When melted, 
cool the whole, and at the same time shake the mass violently until 
it is homogeneous and sufficiently solidified to prevent the sepa- 
ration of the water and fat. Then pour a portion into the vessel 
from which it is to be weighed for analysis. The sample should 
completely or nearly fill the vessel and should be kept in a cold 
place until analyzed. 


2. Moisture—Official. Place 1.5 to 2.5 grams in a dish with a 
flat bottom having a surface of at least 20 sq. c. m. and dry at the 
temperature of boiling water until it ceases to lose weight, each 
drying being for only one hour. The use of clean dry sand or 
asbestos is admissible, and is necessary if a dish with a round bot- 
tom is employed. 


Moisture. Mojonnier Method. See Chapter VIII. 


3. Casein, Ash and Chlorine—Official. Cover the crucible con- 
taining the residue from the fat determination by the indirect 
method [see 4 (a) below] and heat gently at first, gradually 
raising the temperature to just below redness. The cover may 
then be removed and the heat continued until the contents of the 
crucible are white. The loss in weight represents casein, and the 
residue in the crucible, mineral matter. In this mineral matter, 
dissolved in water slightly acidulated with nitric acid, determine 
chlorin either gravimetrically or volumetrically. 


4, Ether Extract. (a) Indirect Method. Official. From the 
dry butter obtained in determining the water, either with or 
without the use of an absorbent, extract the fat with anhydrous 
alcohol-free ether, receiving the solution in a weighed flask. 
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Evaporate the ether and dry the extract at the temperature of 
boiling water until it ceases to lose weight, the dryings not to 
exceed one hour each in duration. 

For another ether extraction method, see Mojonnier Test, 
Chapter IV. 


5. Salt—Official. Weigh in a counterpoised beaker 5 to 10 
grams of butter, using portions of about 1 gram from different 
parts of the sample. Add about 20 c. c. of hot water and after 
the butter is melted transfer the whole to a separatory funnel. 
Insert the stopper and shake for a few moments. Let stand until 
the fat has all collected on the top of the water, then draw off 
the latter into a flask, being careful to let none of the fat globules 


. 148. Troy Salt Test Apparatus. 


pass. Again add hot water to the beaker and repeat the extrac- 
tion from 10 to 15 times, using each time from 10 to 20 «. e. of 
water. The washings will contain all but a mere trace of the 
sodium chloride originally present in the butter. Determine its 
amount in the whole or an aliquot of the liquid by the volumetric 
silver-nitrate method, with potassium chromate as indicator. 


Troy’s Method for Determining the Percentage of Salt in 
Butter. Place three or four onces of a representative sample of 
the butter in a wide-mouthed jar or bottle. Soften the butter 
by warming, and mix it vigorously with a spatula until it is in a 
pasty condition and is homogenous throughout. Then weigh 10 
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grams into a flask and add 300 ce. of hot water (150° F.). Insert 
the stopper and shake the flask vigorously until all of the salt is 
in solution and evenly distributed. Let the flask stand for a few 
minutes until most of the fat rises to the surface, then draw a 
Babcock milk pipette full to the mark of the watery solution, and 
run it into a white cup or similar container. Add 8 or 4 drops 
of a 10% solution of potassium chromate (K,Cr0,), stir, and 
run in from a 10 ce. burette, tenth-normal silver nitrate solution 
with constant stirring until the color of the substance changes 
from a light yellow to a permanent light brown color. Then read 
on the burette scale the amount of standard silver nitrate solution 
used. 

Each ce. of the silver nitrate solution required equals one 
per cent of salt in the butter. 


Explanation: One cc. of tenth-normal silver nitrate solution 
contains 0.017 grams of silver nitrate and is chemically equal to 
0.00585 grams of sodium chloride. Suppose it required 2.8 ce. 
of tenth-normal silver nitrate to neutralize the salt in the 17.5 ce. 
of solution delivered from the Babcock pipette. 

.00585 X 2.8—0.01638, gram of salt in 17.5 ce. of solution. 
But there are 17.14 pipette fulls in 300 ec. 

300--17.5=17.14. 

Then: 0.0163817.14—0.280, gram of salt in 10 grams of 
butter. 

0.280--10—0.028, gram of salt in 1 gram of butter. 

0.028 100=2.80, grams of salt in 100 grams of butter, or 
the per cent of salt present. 


Hunziker’s method’! for determining salt in butter. (For 
factory use) : 

Equipment.—One salt tester. This is a copper container, 3% 
inches deep, 2%4 inches in diameter, and holding about 250 ee. It 
is equipped at its top edge with a heavy rubber ring on which 
the moisture evaporating dish is inverted, and with a lightning 
jar wire clamp for pressing the evaporated dish down on the 
rubber ring. 

One 100 ee. glass cylinder (low style). 

One 25 ee. pipette. 
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One or more 150 ce. flasks (cone shape) for titrating. 

One 50 ce. burette with stand. 

One large bottle, with glass tubing and clamps to connect 
with burette, for standard silver nitrate solution. 

One small bottle for potassium chromate solution. 

Chemicals —Silver nitrate solution containing 7.265 grams 
silver nitrate in 1000 cc. water. 


Potassium chromate solution. 


Fig. 149. Hunziker Salt Test Apparatus. 


Operation of test—This test is intended to be a continuation 
of the moisture test in which an evaporating dish of a diameter of 
25% inches is used. 


(1). At the conclusion of the moisture test fill the 100 ce. 
eylinder to the mark with warm water, temperature about 100° F., 
and pour this water into the salt tester. 


(2). Invert moisture evaporating dish over rubber ring of 
salt tester and make the dish fast by means of wire clamp. 
(3). Now shake the salt tester vigorously, giving it about 


30 shakes. This causes the salt in the evaporating dish to be 
washed out by the warm water. 
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(4). Remove evaporating dish and transfer with pipette 25 ee. 
of the salt solution from the salt tester into the titrating flask. 


(5). Add 1 ce. of potassium chromate solution to the titrating 
flask and from burette slowly add silver nitrate solution until a 
permanent brick-red precipitate is obtained. The titrating flask 
must be constantly and thoroughly agitated by a rotating motion 
while the silver nitrate solution is added. 

(6). If a 10-gram sample of butter is used in the moisture 
test, each ce. silver nitrate solution represents .1 per cent salt. 
Assuming that 35 ce. silver nitrate solution was used, the butter 
then contained 35/10=3.5% salt. 

(7). If the sample of butter is not exactly 10 grams, but 
somewhat more or less, the per cent of salt is readily calculated 
by dividing the ce. silver nitrate solution required, by the exact 
weight of the sample of butter. Say the sample weighed 10.5 
grams and required 35 ec. of silver nitrate solution, the butter 
then contained 35/10.5=3.3% salt. 

(8). This salt test occupies about five minutes. It is exceed- 
ingly simple and accurate, when made in accordance with the 
above directions. It eliminates the weighing of the sample for the 
salt determination and it automatically washes the moisture 
evaporating cup. For uniformly reliable results the following 
precautions must be observed: 

(a). Do not slobber the melted butterfat in the evaporating 
dish, over the outside of the salt tester. The butter must stay 
inside of the periphery of the evaporating dish, when the latter 
is inverted over the tester. 

(b). Do not use water at a temperature lower, nor much 
higher, than 100° F. Water must be warm enough to melt the fat. 
If too warm it will generate pressure when shaking the tester, 
causing loss of contents. 

(c). Strap the evaporating dish down to the tester, so that 
there is no leak around the rubber ring. 


(d). Shake vigorously thirty (30) times. 


(e). Give the titrating flask the proper rotating movement 
for vigorous and continuous agitation, while the silver nitrate 
solution runs from the burette. 
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(f). Stop titration when the desired color has been reached 
(brick-red). 

(g). It is necessary to give the fat time to rise in the tester 
after shaking. This requires about one minute. For this reason, 
the tester should be set down after shaking, and the aluminum 
cup taken off and wiped dry and gotten ready for the next 
weighing of butter. While this is done, the fat in the tester 
automatically rises to the surface. 

(h). If the edges of the evaporating dish become uneven, due 
to wear, causing the cup to leak when inverted over the rubber 
ring of the tester, invert the cup over a piece of fine emery cloth, 

and wear down the edges until even. 


10. The speed of the entire test will much depend on the prop- 
er planning and organizing of the work of both the moisture and 
the salt test, so as to avoid any waiting between steps, such as 
waiting for the evaporating dish to cool, or for the fat to rise to 
the surface in the tester. It has been found that the maximum 
speed is obtained by running the moisture and the salt tests of 
three samples together. 


11. Use only evaporating dishes without lips. 


Determination of the free fatty acids in butter A. O. A. C. 
Method: 


Weigh 20 grams of the clear filtered fat into a flask, add 50 
e. ¢. of 95% alcohol which has been neutralized with weak caustic 
soda, using phenolphthalein as indicator, and heat to the boiling 
point. Agitate the flask thoroughly in order to dissolve the free 
fatty acids as completely as possible. Titrate with tenth-normal 
alkali, agitating thoroughly until the pink color persists after 
shaking. 

Express the result as cubic centimeters of tenth-normal alkali 
required to neutralize the free acids in 100 grams of the fat. 


Halpen’s test for cotton seed oil: A. O. A. C. Method. Dis- 
solve one gram of sulphur in 100 grams of carbon disulphide and 
mix with an equal volume of amyl alcohol. Place about 8 ee. 
of the clear melted fat, or oil, in a test tube and add an equal 
volume of the above reagent. Mix and heat the test tube in a 
bath of boiling saturated salt solution for oneshour. As little as 
one per cent of cotton seed oil produces an orange-red color. 
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Distinguishing butter, renovated butter and oleomargarine.”? 


Examination of the melted substance: Fill a glass test tube 
or similar transparent container with the fat and heat at a 
temperature of 50° C. until the fat is completely melted and the 
water and curd has settled. The melted fat from butter will be 
clear and bright in appearance while that from renovated butter 
and oleomargarine will be cloudy and turbid. 


Vega’s test. —Filter some of the fat through a hot dry filter 
into a test tube, placing the tube in boiling water for 2 minutes. In 
another large test tube place 20 ec. of a mixture of 1 part glacial 
acetic acid, 6 parts ether and 6 parts alcohol. 

Add about 1 cc. of the hot filtered fat to the reagents in the 
large test tube. Stopper the tube and shake well. Immerse in 
water at 15° C. (60° F.) and let stand 15 minutes. Pure butter 
will leave the contents of the tube almost clear while oleo- 
margarine will give a marked deposit. 


The Valenta Index. Valenta found that there is a wide varia- 
tion between the temperatures at which different fats show no 
turbidity in concentrated acetic acid. A method for distinguish- 
ing milk fat and named the Valenta index was based on that 
characteristic. The method has been modified and Savini’® suec- 
cessfully applies it as follows: Place 1 ec. of the clear filtered fat 
in a clean dry test tube and add, without allowing it to touch 
the sides, 4 ec. of 99 per cent acetic acid. Close the test tube 
with a rubber stopper that has a hole at the center. Pass a 
thermometer bulb through the hole and downward into the mix- 
ture. It is advisable to pass the test tube into a larger one filled 
with water and fasten it by means of a rubber ring. It is then 
placed in a water bath, heat is applied, and the tube shaken gently 
at intervals. As the temperature rises the turbidity of the fat 
and acid mixture grows less and finally becomes clear sharply. 
The device is then removed from the bath and shaken slowly to 
cool it a little. The temperature at which the solution begins to 
become turbid again, is observed and recorded. The acidity of 
the fat should be determined and the acid value added to the 
temperature. The index for pure fresh butter varies between 
64 and 66. The addition of 5 per cent of coconut fat would give 
an index of 60 to 61. 
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Foam test.?*—Melt in a spoon a piece of the sample about the 
size of a hickory nut over a lamp or gas flame, heating slowly 
until the fat is nearly melted, then more rapidly to boiling. With 
butter, foam forms and remains for some time, usually filling the 
spoon heaping full. On the contrary, the bubbles from oleo- 
margarine and renovated butter break almost immediately on 
forming, so that very little foam remains to obscure the surface 
of the melted fat. 


The Waterhouse test.2*—The Waterhouse test distinguishes 
between butter fat and foreign fat but does not distinguish 
between butter and renovated butter. 


Operation: Half fill a pint tin cup or beaker with skim-milk 
and heat nearly to boiling, add about 10 grams of the fat and stir 
with a small wooden splinter about the diameter of a match 
until the fat is melted. Set the cup in a pan of ice water and 
stir briskly with the splinter. Continue the stirring until the 
milk is cold enough to congeal the fat. The latter may then be 
collected into a mass by means of the splinter if the fat is from 
oleomargarine. Butter fat on the other hand, from either gen- 
uine or process butter, will not gather in a lump but will float 
quite uniformly in small particles on the surface of the liquid. 


Rancidity and Its Detection. When fats are exposed to air 
and light or air while in contact with metals they develop, after 
a time, characteristic odors and flavors. The investigations of 
Rice and Makeley** apparently show that, under some conditions, 
lipase is the active agent in promoting the development of such 
odors and flavors in the fat of condensed milk and cheese. Fat 
in which these characteristic changes have taken place are classed 
as rancid. As a result of their observations Vintilesco and 
Popesco**” presented the hypothesis that fats combine with oxygen 
and form the condition described as rancid. The investigations 
of Emery and Henley*** lead them to the conclusion that air; 
oxygen, alone, or in combination; light; and metals are among 
the factors which develop rancidity in fats. The experiments 
of Kerr and Sorber*** also confirm the oxidation hypothesis. Dif- 
ferent tests have been developed for the purpose of detecting 
rancidity, but the Kreis test is the one now generally used. It is 
based upon the reaction that occurs between phloroglucin and sub- 
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stances which are present in rancid fats, and which form a pink 
or red color. The intensity of the color is only very roughly 
proportional to the degree of rancidity, 


The Kreis Test. Place 10 cc. of the fat in a large test tube 
and add 10 ee. of concentrated hydrochloric acid, stopper with a 
clean rubber stopper and shake vigorously for 30 seconds. Add 
to the mixture 10 cc. of a 0.1 per cent solution of phloroglucinol 
in ether. Stopper and shake the tube again. Allow the tube 
to stand for a few minutes until the fat has separated from the 
acid solution. A violet to pink or red coloration in the lower 
acid layer indicates the presence of rancidity. 

It is very important to have the reagents, used in the Kreis 
test, of the highest purity. Only anhydrous ether of C.P. quality 
should be used. Ether that is not anhydrous may be purified by 
allowing it to stand for a few days over potassium hydrate and 
then distilling over calcium chloride. The rubber cork should 
be thoroughly cleaned before it is used. 


CHEESE ANALYSIS. A. O. A. C. METHOD. 


(a). Preparation of Sample.—When the cheese can be cut, a 
narrow, wedge-shaped segment reaching from the outer edge to 
the center of the cheese is obtained. This is to be cut into strips 
and passed through a sausage-grinding machine three times. 
When the cheese cannot be cut, samples are obtained with a cheese 
trier. If only one plug can be obtained, this should be taken 
perpendicular to the surface at a point one-third of the distance 
from the edge to the center of the cheese. The plug should reach 
either entirely through or only half-way through the cheese. When 
possible, draw three plugs—one from the center, one from a point 
near the outer edge, and one from a point half-way between 
the other two. For inspection purposes, the rind may be rejected ; 
but for investigations requiring the absolute amount of fat in the 
cheese the rind is included in the sample. It is preferable to grind 
the plugs in a sausage machine, but when this is not done they are 
cut very fine and carefully mixed. 


(b). Determination of Water—From 2 to 5 grams of cheese 
should be placed in a weighed platinum or porcelain dish which 
contains a small quantity of porous material, such as ignited 
asbestos or sand to absorb the fat which may run out of the 
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cheese. This is heated in a water oven for ten hours and weighed ; 
the loss in weight is considered as water. Or, if preferred, the 
dish may be placed in a desiccator over concentrated sulphuric 
acid and dried to constant weight. In some cases, this may re- 
quire as much as two months. The acid should be renewed when 
the cheese has become nearly dry. See Chapter VIII for method 
for determining water in cheese, using the Mojonnier Tester. 


(c). Determination of Fat.—Cover the perforations in the 
bottom of an extraction-tube with dry asbestos felt, and on this 
place a mixture containing equal parts of anhydrous copper 
sulphate and pure, dry sand to the depth of about 5 cm., packing 
loosely. Cover the upper surface of this material with a film of 
asbestos. On this are placed from two to 5 grams of the sample 
of the cheese. The tube is placed in a continuous extraction 
apparatus, and treated for five hours with anhydrous ether. The 
cheese is removed and ground to a fine powder with pure sand 
in a mortar. The mixed cheese and sand are replaced in the 
extraction-tube, the mortar washed free of all matter with ether, 
the washings being added to the tube, and the extraction is con- 
tinued ten hours. See Chapter VII for method for determining 
the fat in cheese, using the Mojonnier Tester. 


(d). Determination of Nitrogen.—Make a determination of 
nitrogen by the Kjeldahl method, using about 2 grams of cheese, 
and multiply the percentage of nitrogen by 6.37. 


(e). Determination of Ash.—The dry residue from the water 
determination may be used for the ash. If the cheese be rich in 
fat, the asbestos will be saturated therewith. This may be ignited 
carefully, and the fat allowed to burn off, the asbestos acting as 
a wick. No extra heat should be applied during this operation, 
as there is danger of spurting. When the flame has died out, 
the burning may be completed in a muffle at low redness. When 
desired, the salt may be determined in the ash in the manner 
specified under butter analysis, page 629. 


(f.) Determination of Other Constituents—The sum of the 
percentages of the different constituents, determined as above, 
subtracted from 100 will give the amount of organic acids, milk 
sugar, ete. in the cheese. 
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(g). Provisional Method for the Determination of Acidity in 
Cheese.—To 10 grams of finely divided cheese, add water, at a 
temperature of 40° C., until the volume equals 105 cc.; agitate 
vigorously and filter. Titrate portions of 25 ce. of filtrate, cor- 
responding to 2.5 gram of cheese, with standardized solution of 
sodium hydroxide, preferably one-tenth normal. Use phenol- 
phthalein as indicator. Express amount of acid as lactic. 


Troy’s Cheese Moisture Test. This test provides a fairly 
rapid and accurate method for determining the percentage of 
moisture in cheese. It is practical for factory use and also 
serves well for the purpose of determining the percentage of 
moisture in butter. The high percentage of fat in butter permits 
rapid heating at a comparatively high temperature in an open 
dish without danger of loss by spattering or charring of the 
proteins until all of the moisture is driven off. But when cheese 
is treated similarly some of the solids will spatter out of the dish, 
There is not enough fat present to prevent the casein from stick- 
ing to the bottom and sides of the dish, 
charring and volatilizing some of the cheese 
solids. This test overcomes these difficulties 
by providing a double walled copper cup, 
space between the walls for holding oil into 
which a thermometer may be inserted, thus 
providing a means of determining the tem- 
perature and permitting its control. <A scale 
for weighing the cheese, and a flask for 
holding it while drying and a small alcohol 
lamp or gas flame for heating the cup are 
necessary. The Troy Moisture Tester is 
illustrated under Fig. 150. 

Operation: In operating the test the al- 


cohol lamp is first lighted, so that the 
oil bath may be warming while the test 


Fig. 150. . . A if 
10N. representa 

Troy Moisture Tester S4mple is under preparatio rep 
for Cheese. tive sample of the cheese, which may be 


taken with a cheese trier and held in a glass stoppered sample 
jar, is then cut into particles about the size of kernels of wheat 
without removing it from the jar. This may be done with an 
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ordinary table knife that has had the end squared and sharpened. 
The clean dry flask is then accurately balanced on the scales and 
a 5-gram weight is placed in the opposite scale pan. Particles of 
cheese from the prepared sample are put into the fiask until the 
scales come to an exact balance. Great care should be taken to 
avoid loss of moisture from the cheese during the preparation of 
the sample. 

With the thermometer in the oil bath registering a tempera- 
ture between 140° and 145° C. (or between 284° and 293° F.), 
the flask is placed in the cup of the oil bath and the flat, disk- 
shaped cover is adjusted over the apparatus. The flask should 
remain in the bath for fifty minutes, the temperature being kept 
between 140° and 145° all of the time. The flask is then re- 
moved, covered, and allowed to cool to room temperature in a 
dry place. It is then weighed, and the quotient obtained by 
dividing the loss in weight by the original weight, multiplied by 
100, gives the percentage of water in the cheese. The following 
shows the method of computation: 


Problem: Five grams of cheese were heated until the 
moisture was evaporated. The remaining substance weighed 
3.15 grams. What percentage of water did the cheese contain? 

Answer : 

5.00—3.15=1.85 
1.855 =0.37 
0.37x100= 37, per cent of water in the cheese. 

A butter moisture scales with an extra 5 grams weight may 
be used for weighing out the 5 grams of cheese. If the scales 
indicate the amount of moisture in 10 grams of butter by per- 
centage graduations on its beam, or by percentage weights, then 
it is necessary to multiply by 2 the percentage indicated by such 
scales or percentage weights when only 5 grams of cheese are 
used. 


I] 


Troy’s Cheese Salt Test. Place a representative sample of the 
cheese in a half pint sampling jar or similar container. Using an 
ordinary table knife, or one that has had the end of the blade 
squared and sharpened, cut the cheese sample into particles as 
small as kernels of wheat. Mix thoroughly and weigh 10 grams 
into a crucible, or into a silica or platinum dish. Dry at a 
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temperature of 100° C., or a few degrees higher and then ignite 
to a gray ash, preferably in a muffle. Wash the ash from the 
dish into a flask and make up with water to 300 ec. Stir 
thoroughly to bring all of the salt into solution and to make the 
solution homogeneous. Neutralize with dilute nitric acid. Draw 
a Babcock pipette full to the mark of the solution and run it into 
an evaporating dish or white cup, add two or three drops of a 
10% solution of potassium chromate, and slowly run in tenth- 
normal silver nitrate solution from a 10 cc. burette graduated 
to 0.1 ce. until a permanent light brown color is obtained. 


Each ce. of tenth-normal silver nitrate solution required equals 
one per cent of salt in the cheese. 


THE MELTING POINT OF MILK FAT. 


As milk fat is composed of a number of different fats having 
different melting points and the percentages of these fats vary 
in different samples, the melting point of the substance is not 
sharply defined. Determinations of the melting point of samples 
from many sources by different investigators place the range of 
temperature within which the melting point should fall between 
30 and 36.6° C. (87 and 98° F.). The solidifying points range 
between 19 and 25° C. (66 and 77° F.). 

Where the quantity of the fat permits, the simplest method for 
determining the melting point is to immerse an accurate ther- 
mometer in the partly molten and partly solid mass. 

In many instances, however, only a limited amount of the fat 
is available. Under these circumstances a drop of the melted fat 
is drawn into a thin walled glass tube about 1 mm. in diameter 
and cooled until completely solidified. The tube is then attached 
to the side of a thermometer, the part containing the fat being 
held on a level with the bulb. The thermometer and tube are 
then heated slowly in water or sulphuric acid until the fat begins 
to appear translucent, when the temperature is taken. The tem- 
perature should be taken again when the fat becomes nearly 
transparent. 

In order to avoid error due to the uneven heating of the 
immersion fluid, Dennis®® advises the use of sulphuric acid in a 
tube like that shown in Fig. 151. When operating the test the 
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tube may be attached to an ordinary burette support and sul- 
phurie acid added until the tube is filled a little above the open- 
ing into the upper side arm. An Anschuetz thermometer with 
attached tube containing the slender 
column of solid fat is then immersed 
in the sulphurie acid until the top of 
the mereury column is below the open- 
ing into the upper side arm. The ther- 
mometer may be held in place by a 
burette support attachment, or by be- 
ing fitted through a cork placed in the 
opening of the melting point apparatus. 
The lower arm of the tube is then slow- 
ly heated, by means of a flame, or elec- 
trically, from the lowest point to a 
point about midway between the lowest 
point and the perpendicular tube. The 
temperature should be taken when the 
fat begins to become translucent and 
molten and again when it becomes 
transparent. The best results are ob- 
tained when the tube is heated elec- 
trically. To accomplish this it is 
Sates aa aoe directed that the portion, described 
above, of the tube to be treated is 
wrapped with a single layer of thin asbestos paper, and then 
wound with about 10 turns of michrome wire, No. 26, B and S 
gauge (about 0.016 in. in dia.). The wire is then covered with a 
layer of asbestos cement to a depth of about 5mm. The melting 
point apparatus may be made of ordinary soft glass, but Pyrex 
glass is preferable. 


DETECTING FOREIGN FATS IN MILK FAT. 

The lower cost of most fats and oils compared with that of 
milk fat has led to their frequent substitution in a variety of 
dairy products. This practice gives special importance to 
methods used in the detection of such substitutes. Tests which 
formerly served this purpose may not be adequate hereafter 
owing to the use of hydrogenated oils as substitutes for all, or 
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a part of the milk fat in products made from milk. The iodine 
number of most common edible fats and oils with the exception 
of coconut oil is higher than the iodine number of milk fat. 
But the iodine number and the refractive index of an oil may be 
very largely reduced by hydrogenization, while the Rcichert- 
Meiss] number, the saponification number, and the Polenske num- 
ber are not materially affected. Spitzer and Epple?* point out 
the importance of the latter determinations in detecting the pres- 
ence of foreign fats in milk fat. They have arranged a triangle 
diagram by means of which mixtures of butter, coconut oil, and 
oleo oil can be estimated with an error of less than 10% after 
determining the Reichert-Meiss] and saponification numbers. 
When corroborative evidence is desired the Polenske number, 
and the saponification value of the insoluble acids may be 
determined. If the evidence obtained by determining these con- 
stants is not sufficient, a more complete work on fat analysis 
should be consulted. 

The figures given in the table that follows indicate the range 
within which these constants of the edible fats and oils named 
may be expected to fall. 


TABLE 105. 


Fat Constants. 


Saponi- Insol- | Insoluble 

Refractive Reichert- fication uble Volatile 
Index Meissl Todine Values Fatty Fatty 
25°C. Number | Number | (Koetts- Acids Acids 


torfer (Hehner | (Polenske 
Number) | Number) | Number) 


Milk fat......... 1.459 to 1.460 | 25 to 34 | 26 to 38 | 221-233 | 86.0-89.5 2.5 
Beef tallow...... 1.462* to 1.465 | 0.2 to 0.5 | 35 to 45 | 193-198 | 95.5-96.5 0.55 
Cocoa butter..... 14628 tol 46491(0:2)to10:8) 32 tore | 192-105. 94-558 7 aera. 8. -- 
Cocoanut oil.....| 1.452* to 1.456 | 6.0 to 8.5 | 8.0 to 9.5 | 246-260 | 82.5-90.5 17.00 
Cottonseed oil....| 1.459 to 1.473 | 0.6 to 0.8 | 104 to 115] 191-196 | 95.0-96.0 |.......... 
Ward erecseee coer sy. 1.463* to 1.467 | 0.2 to 0.7 | 54 to 70 | 195-200 | 93.0-95 0.5 
@orntoll eee LA ty AVE!) OR OOM) || TOO | Byes) eH igo deconone 
Oliveri 1.467 to 1.469 | 0.5t0 0.7 | 77 to 95 | 185-196 | 95.0-96 |.......... 
Peanut oil....... ! 1.468 to 1.471 | 0.4t0 0.6 | 83 to 105] 186-194 | 95.0-96 |.......... 


* Reading at 60° C. calculated to 25° C. 
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The Refractive Index. Determination with the Abbe Re 
fractometer.—The double prism of the instrument is opened by 
means of the screw head, then place three or four drops of the 
liquid to be examined on the stationary prism, clamp the prisms 
together firmly. While waiting for a few minutes to permit the 
liquid to come to the temperature of the instrument, turn the 
mirror to properly light the prism. By moving the upright arm 


Fig. 152. Abbe-Zeiss Refractometer. 
Courtesy Arthur H. Thomas Co. 


slowly backward and forward, while looking through the sharply 
focused telescope, a light and dark portion of the field will be 
observed. The ‘‘border line’’ dividing the light and dark portions 
of the field is then adjusted until it rests on the point of inter- 
section of the cross hairs. The refractive index is then read 
directly to the fourth decimal by looking through the magnifier 
in the movable arm over the scale. The temperature of the instru- 
ment at the time the reading is taken should also be recorded. 
During the determination running water, héld at the desired 
temperature, is allowed to flow through and control the tempera- 
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ture of the instrument. The index of refraction may be taken at 
25° C. for oils and fats that are liquid at that temperature. For 
other fats, readings may be made at 40° or 60° C. 


Determinations by means of the Zeiss-Butyro-Refractometer. 
—Place 2 or 3 drops of the filtered fat on the surface of the lower 
prism. Close the prism and adjust the mirror until it gives the 
sharpest reading. If the reading be indistinct after running 
water of a constant temperature through the instrument for some 
time, the fat is unevenly distributed on the surface of the prism. 
As the index of refraction is greatly affected by temperature, 
care must be used to keep the latter constant. The instrument 
should be carefully adjusted by means of the standard fluid which 
is supplied with it. Convert the degrees of the instrument into 
refractive indices by use of the table that follows: 


TABLE 106. 


Butyro-Refractometer Readings and Indices of Refraction (A). 


Read- Index of Read- | Index of Read- Index of Read- Index of 
1 ng Refraction ing Refraction ing Refraction ing Refraction 
40.0 1.4524 50.0 1.4593 60.0 1.4659 70.0 1.4723 
40.5 1.4527 50.5 1.4596 60.5 1.4662 70.5 1.4726 
41.0 1.4531 51.0 1.4600 61.0 1.4665 71.0 1.4729 
41.5 1.4534 51.5 1.4603 61.5 1.4668 71.5 1.4732 
42.0 1.4538 52.0 1.4607 62.0 1.4672 72.0 1.4735 
42.5 1.4541 52.5 1.4610 62.5 1.4675 12.5 1.4738 
43.0 1.4545 53.0 1.4613 63.0 1.4678 73.0 1.4741 
43.5 1.4548 53.5 1.4616 63.5 1.4681 73.5 1.4744 
44.0 1.4552 54.0 1.4619 64.0 1.4685 74.0 1.4747 
44.5 1.4555 54.5 1.4623 64.5 1.4688 74.5 1.4750 
45.0 1.4558 55.0 1.4626 65.0 1.4691 75.0 1.4753 
45.5 1.4562 55.5 1.4629 65.5 1.4694 15.5 1.4756 
46.0 1.4565 56.0 1.4633 66.0 1.4697 76.0 1.4759 
46.5 1.4569 56.5 1.4636" 66.5 1.4700 76.5 1.4762 
47.0 1.4572 57.0 1.4639 67.0 1.4704 CCW 1.4765 
47.5 1.4576 57.5 1.4642 67.5 1.4707 77.5 1.4768 
48.0 1.4579 58.0 1.4646 68.0 1.4710 78.0 1.4771 
48.5 1.4583 58.5 1.4649 68.5 1.4713 78.5 1.4774 
49.0 1.4586 59.0 1.4652 69.0 1.4717 79.0 1.4777 
49.5 1.4590 59.5 1.4656 69.5 1.4720 79.5 1.4780 


(A) Winton, Conn. Agr. Exper. Sta. Rpt., 1900, Part 2, p. 143. 
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The Reichert-Meiss] Number. The Reichert-Meiss] number is 
the number of ce. of tenth-normal alkali required to neutralize 
the volatile fatty acids distilled from 5 grams of fat when they 
are set free and the operation is carried out according to specified 
conditions. The method was developed by Reichert and modified 
by Meissl. Later Leffman and Beam modified the method slightly 
by saponifying the fat in a glycerol-soda mixture in place of an 


i u 


Fig. 153. Distilling Apparatus. 


aleohohe potash mixture. The Leffman and Beam modification 
is quite generally used at present. It is carried out as follows: 


Weigh 5 grams of the pure fat into a round bottomed flask and 
add 20 cc. of a mixture made by placing 10 ee. of a 50 per cent 
caustic soda, water solution, in 90 ec. of glycerine. Heat the 
contents of the flask over a small flame, with constant shaking, 
until the water is boiled off and the mixture which on boiling had 
a clouded appearance, becomes clear. Add 135 ce. of water 
slowly, to prevent foaming and a pinch of pumice stone powder, 
or a few pieces of pumice stone to prevent bumping during distil- 
lation. Add 5 ec. of dilute sulphuric acid (200 ec. of concentrated 
sulphuric acid in 1000 ce. of water). Connect the flask at once 
to a condenser, shake to mix the acid with the solution and heat 
to distill off the volatile acids. Distill off 110 ec. at a rate that 
will yield that volume in 30 to 40 minutes. Filter the distillate 
through a dry filter and titrate 100 ee. of it with tenth-normal 
alkali solution. The number of ce. of tenth-normal alkali used 
multiplied by 1.10 equals the Reichert-Meissl number. 


fod 


IopINE NUMBER 647 


The Reichert-Meiss] number for milk fat is usually between 
25 and 32, for cocoanut oil between 6 and 8, and for most other 
fats and oils less than 1.5. 


Iodin Absorption Number of Fat and Oils.—The capacity of 
fats and oils to absorb iodin is sometimes used to advantage for 
the purpose of identifying them or determining their purity. The 
percentage of iodin that a given fat or oil will absorb under 
specified conditions is called its iodin number. A method for 
treating fats and oils with iodin was developed by Hubl.?* It was 
improved and shortened by Hanus and is the method usually 
employed. The A. O. A. C. has adopted it as follows: 


Hanus Method.—Official—Reagents.—(a) Hanus iodin solu- 
tion.—Dissolve 13.2 grams of pure iodin in one liter of glacial 
acetic acid (99.5 per cent) which shows no reduction with 
dichromate and sulphuric acid. Add enough bromin to double the 
halogen content as determined by titration (38 ce. of bromin are 
about the proper amount). The iodin may be dissolved by heat- 
ing, but the solution should be cold when the bromin is added. 

A convenient way to prepare the Hanus solution is as follows: 
Measure 825 cc. of acetic acid which has shown no reduction by 
the dichromate test and dissolve in it 13.615 grams of iodin with 
the aid of heat. Cool and titrate 25 ce. of this solution against the 
N/10 sodium thiosulphate. Add 3 ce. of bromin to 200 ce. of 
acetic acid and titrate 5 cc. of the solution against the N/10 
sodium thiosulphate. Calculate the quantity of bromin solution 
required exactly to double the halogen content of the remaining 
800 ce. of iodin solution as follows: 


1B ; 
A= — in which 
C 


A=ce. of bromin solution required. 

B=800 x the thiosulphate equivalent of 1 ec. of iodin 
solution, 

C=the thiosulphate equivalent of 1 ec. of bromin solution. 


Example :—136.15 grams of iodin are dissolved in 8250 ce. of 
acetic acid. 30 ec. of bromin are dissolved in 2000 cc. of acetic 
acid. Titrating 50 ce. of the iodin solution against the standard 
thiosulphate shows that 1 ec. of the iodin solution equals 1.1 ce. of 
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the thiosulphate (0.0165 gram of iodin). Titrating 5 ce. of the 
bromin solution shows that one cc. of the bromin solution equals 
4.6 ce. of the thiosulphate. Then the remaining quantity of 
bromin solution required to double the halogen content of the 
8200«1.1 
4.6 
or 1961 cc. Upon mixing the two solutions in this proportion, a 
total volume of 10161 ce. is obtained, containing 135.3 grams of 
iodin. In order to reduce this solution to the proper strength 
(13.2 grams iodin per liter), 10.16113.2=134.1; 135.3—134.1= 
1.2<1000__ 
12 ee 


remaining 8200 ce. of iodin solution is equivalent to 


1.2 grams of iodin present in excess, or 91 ec. of 


acetie acid which must be added. 


(b). N/10 sodium thiosulphate solution.—Prepare a solution 
containing 24.82 grams of sodium thiosulphate (Na,S,0,5H,O) 
in water and dilute to 1 liter. Standardize this solution as 
follows: Place in a glass stoppered flask 20 ec. of the N/10 
potassium dichromate and 10 ee. of the 15 per cent potassium 
iodide solution. Add 5 ee. of strong hydrochlorie acid. Dilute 
with 100 cc. of water and allow the N/10 sodium thiosulphate to 
flow slowly into the flask until the yellow color of the liquid has 
almost disappeared, add a few drops of starch indicator and, 
with constant shaking, continue to add the N/10 sodium thio- 
sulphate until the blue color just disappears. 


(ec). Starch indicator :—Mix about 0.5 gram of finely pow- 
dered potato starch with cold water to a thin paste; pour into 
about 100 ec. of boiling water, stirring constantly, and discon- 
tinue heating immediately after the paste is added. 


(d). Potassium iodid solution.—Dissolve 150 grams of potas- 
sium iodid in water and dilute to 1 liter. 


(e). N/10 potassium dichromate.—Dissolve 4.903 grams of 
potassium dichromate in water and dilute to 1 liter. The strength 
of this solution should be checked against pure iron. 


Determination. Weigh about 0.500 gram of fat, or 0.250 gram 
of oil (0.1—0.2 gram in the case of drying oils which have a very 
high absorbent power), into a 500 ec. glass-stoppered flask or 
bottle. Dissolve the fat or oil in 10 ee. of chloroform. Add 25 ee. 
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of the Hanus iodin solution and allow to stand for 30 minutes, 
shaking occasionally. 


This time must be adhered to closely in order to obtain good 
results. The excess of iodin should be at least 60 per cent of the 
amount added. Add 10 cc. of the 15 per cent potassium iodid solu- 
tion, shake thoroughly and then add 100 ce. of water, washing 
down any free iodin that may be found on the stopper. Titrate 
the iodin with N/10 sodium thiosulphate, adding the latter grad- 
ually, with constant shaking, until the yellow color of the solution 
has almost disappeared. Add a few drops of the starch indicator 
and continue the titration until the blue color has entirely dis- 
appeared. Toward the end of the titration, stopper the bottle 
and shake violently, so that any iodin remaining in solution in 
the chloroform may be taken up by the potassium iodid solution. 
Conduct two blank determinations along with that on the 
sample. The number of ec. of the sodium thiosulphate solution 
required by the blank less the amount used in the determination 
gives the thiosulphate equivalent of the iodin absorbed by the 
fat or oil. Ascertain the iodin number by calculating the per cent 
by weight of iodin absorbed. 


Saponification Number (Koettstorfer Number)—A. O. A. C. 
—Official. Reagents. (a) N/2 hydrochloric acid. (b) Alcoholic 
potassium hydroxid solution.—Dissolve 40 grams of the purest 
potassium hydroxid in 1 liter of 95 per cent redistilled alcohol 
by volume. The alcohol should be redistilled from potassium 
hydroxid over which it has been standing for some time, or with 
which it has been boiled for some time using a reflux condenser. 
The solution must be clear and the potassium hydroxid free from 
carbonates. 


Determination. Weigh accurately about 5 grams of the 
filtered sample into a 250-300 cc. Erlenmeyer flask. Pipette 50 ce. 
of the alcoholic potassium hydroxid solution into the flask, allow- 
ing the pipette to drain for a definite time. Connect the flask 
with an air condenser and boil until the fat is completely saponi- 
fied (about 30 minutes). Cool and titrate with the N/2 hydro- 
chlorie acid, using phenolphthalein as an indicator. Calculate 
the Koettstorfer number (mg. of potassium hydroxid required 
to saponify 1 gram of fat). Conduct a blank determination, using 
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the same pipette and draining for the same length of time as 
above. 


Soluble Acids.—A. 0. A. C.—Official. Place the flask, used in 
determining the Koettstorfer number, and its contents on a water 
bath and evaporate the alcohol. Add such an amount of N/2 
hydrochloric acid that its volume plus the amount used in titrat- 
ing for the saponification number will be 1 ce. in excess of the 
amount required to neutralize the 50 cc. of the alcoholic potas- 
sium hydroxid solution added, and place on the steam bath until 
the separated fatty acids form a clear layer on the upper surface 
of the liquid. Fill to the neck with hot water and cool in ice 
water until the cake of fatty acids is thoroughly hardened. Pour 
the liquid contents of the flask through a filter into a liter flask. 
Fill the flask again with hot water, set on a steam bath until the 
fatty acids collect at the surface, cool by immersing in ice water, 
and again filter the liquid into the liter flask. Repeat this treat- 
ment with hot water three times, cooling and collecting the wash- 
ings in the liter flask after each treatment. Titrate the combined 
washings with N/10 alkali, using phenolphthalein as an indicator. 
Subtract 5 (corresponding to the excess of 1 cc. of N/2 acid), 
from the number of ec. of N/10 alkali used and multiply by 
0.0088 to obtain the weight of soluble acids as butyric acid. Cal- 
culate the percentage of soluble acids. ; 


Insoluble Acids (Hehner Number).—A. O. A. C.—Official. 
Allow the flask, containing the cake of insoluble fatty acids from 
the soluble acids determination and the paper through which the 
soluble fatty acids have been filtered, to drain and dry for 12 
hours. Transfer the cake, together with as much of the fatty 
acids as can be removed from the filter paper, to a weighed, wide- 
mouthed beaker flask. Then place the funnel, containing the 
filter, in the neck of the flask and wash the paper thoroughly 
with hot absolute alcohol. Remove the funnel, evaporate the 
alcohol, dry for 2 hours at 100° C., cool in a desiccator and weigh. 
Again dry for 2 hours, cool and weigh. If there is any consider- 
able decrease in weight, re-heat for 2 hours, cool and weigh 
again. Calculate the percentage of insoluble fatty acids. 


Insoluble Volatile Acids (Polenske Number).—A. 0. A. C.— 
Official— Proceed as directed under the determination of the 
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Reichert-Meissl number up to the point at which 110 ee. of dis- 
tillate have been collected, except that only 20 minutes are 
allowed for the distillation, employing an apparatus of the exact 
dimensions illustrated in Fig. 153A. Substitute a 25 ec. eylinder 
for the receiving flask to collect any drops that may fall after 
the flame has been removed. Immerse the flask containing the 
distillate almost completely in water at 15° C. for 15 minutes, 
filter the 110 cc. of distillate and determine the approximate 
Reichert-Meissl number, if desired, avoiding too violent shaking 
of the distillate and con- 
sequent emulsification of 
the insoluble acids previ- 
ous to filtration. Remove 
the remainder of the solu- 
ble acids from the in- 
soluble acids upon the 
filter paper by washing 
with three successive por- 
tions of 15 ec. of water, 
previously passed through 
the condenser, the 25 ce. 
eylinder and the 110 ee. 
receiving flask. Then dis- 
solve the insoluble acids 
by passing three succes- 
sive 15 ce. portions of 
neutral 90 per cent aleohol 
by volume through the 
filter, each portion pre- 
Fig. 153A. Apparatus for Determining COO: Dae ianone2 a 
the Polenske Number. condenser, the 25 ce. 
eylinder and the 110 ec. 

receiving flask. Titrate the combined alcoholic washings with 
N/10 sodium hydroxid, using phenolphthalein as an indicator. 


Run a blank in the same manner and subtract the quantity 
of the standard alkali required to neutralize the 45 ce. of alcohol, 
used in washing the apparatus and filter paper of the blank, 
from that required in each Polenske determination. Report the 
Polenske number as the number of cc. of N/10 alkali required 
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to neutralize the insoluble volatile acids from the 110 ee. of dis- 
tillate obtained as above upon a 5 gram sample. A calculation 
must be made to reduce the actual number of ce. found in the 
titration to the number which would have been required had 
exactly 5 grams of fat been used. 


Test for Synthetic Triacetin***.—Triacetin has been added to 
fat in order to increase the Reichert-Meiss] number. When such 
fat is present in butter it may escape detection by the ordinary 
analysis. In applying the test first determine the Reichert-Meissl 
number of the fat. Then place 25 to 30 grams of the fat in a 600 
ee. flask, add 150 ec. of water and 150 ee. of 95 per cent alcohol. 
Add a little granular pumice stone and connect the flask to a 
reflex condenser, and boil gently for one hour. Cool and remove 
the fat, then dry the fat on a water bath until all traces of water 
and alcohol have evaporated. Determine the Reichert-Meissl 
number of the dried fat. The treatment with alcohol should not 
affect the Reichert-Meiss] number to any appreciable extent but 
when triacetin is present the second determination will be much 
lower. 


ESTIMATION OF MILK FAT IN MILK CHOCOLATE. A. O. A. C.— 
TENTATIVE METHOD. 


Estimate the amount of milk fat in milk chocolate from the 
following formula based on a Reichert-Meissl number of 0.5 for 
cocoa butter : 


24A+0.5B. i 
C= ee which 


A=grams of butter fat in 5 grams of mixed fat, 
B=5—A=grams of cocoa fat in 5 grams of mixed fat, 
C=Reichert-Meiss] number of extracted fat. 

From which the 


* C=05 
Weight of butter fat in 5 grams of mixed fat= ae draek and the 
C—0.5 


23.5 


Per cent of butter fat—per cent of total, fat 
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DETECTING GUMS, GELATINIZING AGENTS AND THICKENERS. 

In recent years a number of substances of colloidal nature 
have been used to give apparent ‘‘body’’ to a wide variety of 
food products. Most of them are able to absorb relatively large 
amounts of water and when mixed with diluted food emulsions 
impart properties that simulate the richness of the genuine 
product. Among the substances used are gelatin, sucrate of lime, 
gum tragacanth, gum arabic (acacia), agar-agar, starch, dextrin, 
glucose, and pepsin. Methods for detecting their presence in 
foods and for identifying them have been developed and while 
not wholly satisfactory serve their purpose fairly well. 

Patrick’s Method for Detecting Thickeners.—Add 25 ee. of 
water to 50 cc. of the sample and heat to boiling to dissolve 
thickeners that may be present, add 2 cc. of 10 per cent acetic 
acid, heat again to boiling and add 3 heaping tablespoonfuls of 
kieselguhr, mix thoroughly and pass, without delay, through a 
plaited filter. Add 12 cc. of 95% alcohol to 3 ce. of the clear 
filtrate and mix. This precipitates any of the milk proteids 
remaining, also the gums and some of the gelatin if much is 
present. To dissolve the milk proteids add 3 cc. of a mixture 
containing 5 ec. of concentrated hydrochloric acid in 95 ee. of 
95% alcohol. If a clear liquid is obtained no gums or vegetable 
jellies are present, and turbidity or a precipitate does not 
necessarily indicate the presence of a thickener, as it may result 
from the use of eggs or the gelatin used in ice cream as a 
stabilizer. Add 3 cc. of water, if the mixture is turbid at this 
dilution any precipitate due to gelatin or eggs will be dissolved, a 
stringy and cohesive precipitate, especially after shaking, shows 
the presence of gum tragacanth, while agar-agar and other vege- 
table thickeners give a finely flocculent precipitate devoid of 
stickiness. When sour cream containing no thickeners is tested 
an insoluble precipitate may form and which does not dissolve 
when water is added. By adding formaldehyde to the sample 
while it is sweet, it appears that the formation of such a precipi- 
tate may be avoided. 

Congdon’s Method’? for Detecting Thickeners and Similar 
Agents in Foods.—By this method the thickening materials are 
separated into six groups on the basis of reagents used. The 
reagents are added to the water soluble solutions of the materials 


654 ANALYSIS OF Dartry PRODUCTS 


to obtain the reactions. While specific directions for applying 
the method to dairy products are not given in the original article 
the following table should be of assistance in identifying the 
different substances.— 


“Group 1—Group reagent—lodine solution. 
Blue coloration indicates starch. (Sometimes green apples made into 
jelly will give traces of starch.) 
Purple coloration indicates Amylo-dextrin. 
Red coloration indicates Erythro-dextrin. 
No coloration may indicate neither starch nor dextrin, but may be Achro- 
dextrin. 


Group II.—Group reagent—WMillion’s or Stokes’ reagent (acid nitrate of 
mercury). 
Mixture, after shaking substance in solution with reagent, is cloudy, 


Yellow precipitate with picric acid solution indicates Gelatin. 

Drop of this reagent. Gelatinous precipitate, soluble in excess of this 
reagent, indicates Acacia. 

A slight white cloudy precipitate may indicate either Agar-agar or 
Tragacanth or both (test for Tragacanth as in group IV). 


Group III.—Group reagent—Concentrated solution of sodium borate. 
A white gelatinous precipitate indicates either Agar-agar or Acacia or 
both. 
Acacia will give a gelatinous, opaque white precipitate with solution 
of basic lead acetate. “ 
Acacia may be further tested for as in Group II or Group IV or by 
adding a solution of tannin which gives a bluish black coloration. 
Group IV.—Group reagent—Solution of sodium hydrate. 


A brownish yellow color on heating indicates Tragacanth. 
A white cloudy precipitate indicates Acacia. 


Group V.—Group reagent—Solution of mercuric chloride. 


A slight turbidity may indicate Dextrin. 
A white precipitate may indicate Albumin and Gelatin. 


Group VI.—Group reagent—Schweitzer’s reagent (solution of cupra-ammonia). 


If a concentrated water solution of the unknown is treated with this 
reagent and placed on glass slide under microscope, a delicate 
framework of cupric pectate is evident, showing a pectin of fruit 
or vegetable origin present.” 


Cook and Woodman’s Method’s for the Detection of Vegetable 
Gums in Food Products.—In this method the tests are applied to 


the gums after they have been separated, in a relatively pure 
condition, from 50 to 200 grams of the sample as the case may 
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require. The proteins in the food mixture are precipitated by 
adding acetic acid and tannin, heating and filtering, then the 
gums are precipitated from the filtrate by the addition of acetone. 
The filtrate contains the sugars and other acetone soluble ma- 
terial. Soluble phosphates, derived from sources like milk, are 
removed by an extra precipitation with ammonia. Finally the 
gums are redissolved and precipitated relatively pure by alcohol. 


In order to use the method successfully, before making a test 
on an unknown, the analyst should become familiar with the 
appearance and characteristic properties of the various gum 


TABLE 107. 
The Separation of Gums. 


A—Elimination of 
Proteins. 


B—Separation of Gums 
and Dextrin from 
Sugars. 


1—Dilute sample to suit- 
able concentration 
with water, add 5 ce. 
dilute acetic acid and 
25 cc. of 10 per cent 


tannin solution, and | 


heat mixture for 20 
to 30 minutes. Centri- 
fuge and filter. Dis- 
card precipitate. 
Note—Casein, coagulable 
proteins, and some of 
the gelatin precipi- 
tated. Fats and other 


insoluble substances 
included in _ precipi- 
tate. 


2—Add 40 to 50 ce. more 
tannin solution to fil- 
trate from Ai and 
heat for a short time. 
Centrifuge and filter. 
Discard precipitate. 

Note—Remainder of gel- 
atin and soluble pro- 
teins precipitated. 


1—Treat clear filtrate 
from A2 with twice 
its volume of acetone. 
Centrifuge and filter. 
Discard filtrate. 
Wash precipitate 
twice with acetone. 
Note—Precipitate 
cludes gums and dex- 
No precipitate 
of 


in- 


trin. 
shows _ absence 
gums, dextrin, 
milk solids. 
2—Dissolve precipitate 
from B1 in 50 ce. of 
warm water slightly 
acidified with acetic 
acid and add 10 cc. of 
ammonia (sp. gr. 
0.90). Centrifuge and 
filter. Discard pre- 
cipitate. 
Note—Calcium phos- 
phate from milk 
solids precipitated. 


and 


C—Isolation of Pure 


Gum Substance. 


Add acetic acid to filtrate 
from B2 until slightly 
acid. Add alcohol, one 
volume at a time, un- 
til a well defined pre- 
cipitate appears. 

Note—Gums and dextrin 
precipitated in a fair- 
ly pure condition. No 
precipitate with 5 
volumes of alcohol in- 
dicates absence of 
gums and dextrin. 
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precipitates by working on their solutions. 
summarized in the following table: 


The procedure is 


TABLE 108. 


Identification of Gums. 


Approximate Volumes 1. 
of Alcohol Necessary Characteristic Characateristies 
for Precipitation Appearance of of Gum Precipriate 
— Se After Standing for 
Vols. Al- | Vol. Gum Gum Precipitate Sats re aa 
cohol Solution 

Agar ..3-4 1 Finely divided white pre-| Usually remains soft and 
cipitate; settles very| non-coherent. 
slowly. 

Arabic ...2 1 White flocculent precipi-| Becomes dry and powdry. 
tate; settles quickly; 
neither sticky nor co- 
herent. 

Indian ,2-3 1 Stringy precipitate; be-|Becomes dark colored; 
comes very coherent} tough coherent layer. 
after settling. 

Traga- Coherent, jelly-like mass;|Flattens down, becoming 

canth .,.2 1 floats in clots in upper| a semi-transparent co- 
part of solution. herent layer. 

Dextrin ..3 1 White, fine precipitate,|Tends to become hard on 

settles slowly; very| long standing. 
sticky. 


It is claimed that, by the above procedure, amounts of gum 
as small as 0.1 per cent can be separated from ordinary food 
mixtures, but some gums are more readily detected than others. 
Tragacanth is easier to detect than either gum arabic or agar. 
Where the ratio of protein, and possibly some other precipitable 


matter is large there is danger of the gums bing carried down 
mechanically and lost. 


Where more than one gum is present, and in mixtures con- 


taining pectin and commercial glucose, the identification of the 
gum is made more difficult. 


Sucrate of Lime in Milk and Cream.—Sucrate of lime (visco- 
gen) is sometimes added to cream in order to increase the 


viscosity, a quality that indicates richness. Determinations of 
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(1) the presence of sucrose, (2) the alkalinity of the water-soluble 
ash, (3) the alkalinity of the insoluble ash, and (4) the lime 
content may assist in detecting its presence. 

Sucrose may be detected by means of Lythgoe’s modification?® 
of Baier and Neuman’s test. The test is made according to the 
following directions: 

Add 10 ee. of a 5 per cent solution of uranium acetate to 25 ce. 
of the sample, shake thoroughly, let stand for five minutes and 
filter. To 10 ce. of the filtrate (or all of it if less than 10 ec.) add 
a mixture of 2 cc. of saturated ammonium molybdate solution and 
8 ec. of dilute hydrochloric acid (1 ce. of 25 per cent acid in 7 ee. 
of water) and place in a water bath at a temperature of 80° C. 
for 5 minutes. The solution will have a prussian blue color if 
sucrose 1s present. A comparative test should be run in like 
manner on a pure sample. The latter will sometimes give a pale 
blue color. 


Alkalinity and Calcium Determinations.—Weigh into a plati- 
num dish 25 grams of the sample, evaporate to dryness in a water 
bath, char and burn at a temperature so low that the fat will 
searcely flame until it is burned off, then at a little higher 
temperature but not above a barely preceptible red until all of 
the carbon has disappeared and the ash is almost white. Cool in 
a desiccator and weigh. 

To determine the alkalinity of the soluble ash add 25 ee. of 
water and heat nearly to boiling, filter through an ashless filter, 
wash with 25 cc. of hot water, dry the filter and contents and burn 
to a white ash. Weigh to obtain the insoluble ash, and subtract 
its weight from the total ash to obtain the weight of the soluble 
ash. 

To determine the alkalinity of the water-soluble ash add 20 ce. 
of N/10 hydrochloric acid to the filtrate containing the soluble 
ash, heat nearly to boiling to expel carbon dioxide, cool, add a 
few drops of phenolphthalein indicator solution and neutralize 
the excess of hydrochloric acid with N/10 alkali. Determine the 
ec. of N/10 hydrochloric acid to neutralize the soluble ash, 
then calculate and record the result on the basis of 100 grams of 
the sample. 

To determine the alkalinity of the insoluble ash place 25 ce. 
of N/10 hydrochloric acid in the dish containing it and heat 
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cautiously nearly to boiling, cool and neutralize the excess of 
hydrochloric acid with N/10 alkali, using phenolphthalein as 
indicator. Calculate the ec. of N/10 acid required to neutralize 
the ash and report the result as in the determination for the 
alkalinity of the soluble ash. 

The total ash alkalinity of 100 grams of cream containing 
between 25 and 33 per cent of fat requires between 14 and 20 ce. 
of N/10 acid calculated to 100 grams of sample. 

To determine the calcium.—Mix the neutral liquids from the 
soluble and insoluble ash, add 20 ce. of dilute hydrochloric acid, 
neutralize with ammonia, add one gram of ammonium chloride 
and an excess of ammonium oxalate. Boil for three or four 
minutes, filter through an ashless filter and wash with water. 
Dry the filter with the precipitate, burn the filter, allowing the 
precipitate and ash to fall into a weighed platinum crucible. Heat 
gently at first and then for 10 minutes at a very dull red. Avoid 
over heating, as some of the calcium carbonate may be converted 
to the oxide. Cool in a desiccator and weigh. From the weight 
of calcium carbonate obtained calculate the weight of calcium 
oxide. 

The maximum amount of calcium oxide in milk should not 
exceed 0.212 per cent. In cream, as the percentage of fat in- 
creases, the percentage of calcium oxide decreases. The maximum 
percentage of calcium oxide that is likely to be obtained from 
pure cream may be calculated by applying the formula: 


Calei ide=0.212 ee 
al@clum ox1idae—vU. 1005. 


F=the per cent of fat in the cream. 


A METHOD FOR ANALYZING SALT.” 


Tests for Insoluble Matter—After sampling well reduce the 
salt to a fine powder, and put into a glass-stoppered bottle. 
Weigh out 10 grams of this powder and dissolve in a beaker by 
digestion with hot water and filter the solution into a 500 ee. 
graduated flask. Wash the residue thoroughly, taking care that 
the residue contains insolubles only and not grains of the slowly 
soluble calcium sulphate. Fill the flask up to the mark with 
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distilled water, mix well and set aside for later determina: 
tions. Ignite and weigh the insoluble residue. This weight multi- 
plied by 100 and divided by the weight of the sample (10 grams) 
gives the per cent of insoluble matter. 

Test for Calcium:—Remove 150 ce. of the salt solution from 
the 500 ce. flask with a pipette and add a small quantity of 
ammonium chloride and a slight excess of ammonium hydroxide. 
The solution should be clear at this point, if not, more ammonium 
chloride should have been added. A considerable excess of 
ammonium oxalate solution is now added and the solution allowed 
to stand for some time, after which it is filtered and the residue 
washed well. The precipitate of calcium oxalate contains a slight 
amount of magnesium at this point and for a complete separation 
must be redissolved with hydrochloric acid, made alkaline with 
ammonium hydroxide and reprecipitated with ammonium oxalate. 
The calcium oxalate precipitate is then dissolved from the filter 
paper with 150 cc. dilute sulphuric acid and the paper washed 
well. About 6 or 8 ce. of strong sulphuric acid is then added and 
the solution warmed to 60° centrigrade and titrated with potas- 
sium permanganate solution to a slight pink color. The solution 
should be stirred during the titration. In order to obtain the 
percentage of calcium without calculation the potassium per- 
manganate solution should be made up by dissolving 0.5254 gram 
of chemically pure potassium permanganate in one liter of dis- 
tilled water accurately measured. It is best to make up at least 
five liters of this solution and use an automatic burette if very 
much work is to be done. Each 10 ce. of this solution will be 
equal to 1% calcium with the above method. 

The potassium permanganate solution should be kept in a 
brown bottle or a bottle painted black. It is well to check the 
solution from time to time against a weighed sample of chemically 
pure sodium oxalate. Thirty cubic centimeters of the potassium 
permanganate solution will consume 0.03342 gram of the sodium 
oxalate. It is easier to weigh a larger quantity of the salt and 
several checks should be made at a time, so it is best to dissolve 
0.3342 gram of sodium oxalate in 500 ce. of distilled water and 
take several portions of 50 ce. each. Titrate this with the 
permanganate solution after adding 5 or 6 ce. of strong sulphuric 
acid and warming to 60° Centigrade. If the permanganate is 


660 ANALYSIS OF DAIRY PRODUCTS 


found to be too weak it can be strengthened by adding a little of 
a stronger solution. 


Test for Magnesium :—The combined filtrates from the calcium 
determination are acidified, evaporated to about 100 cc., 30 ce. 
of strong ammonia and 25 ec. of 10% solution of sodium arsenate 
added. This is best done in an Erlenmeyer flask, so that the 
solution may be vigorously shaken after the reagents have been 
added. The precipitate is filtered off, washed with the least 
possible amount of dilute ammonia, dissolved in 25 cc. dilute 
sluphurie acid (1 to 4) into the original flask. The filter is 
washed with 50 cc. hot water and 10 ec. sulphuric acid (1 to 1) 
added. After cooling, 3 to 5 grams of potassium iodide are added, 
the solution allowed to stand for five minutes, then the liberated 
iodine titrated with sodium thiosulphate solution to a faint 
straw color. A few cubic centimeters of starch solution are then 
added and the titration completed to a colorlessness. The 
standard sodium thiosulphate solution should be made up of 
6.7863 gm. of chemically pure sodium thiosulphate crystals 
(Na,8,0,.5H,O.) per liter. Ten cubic centimeters of this 
solution is equal to 1% magnesium. Standardize this solution 
against 50 ec. samples of a solution of 0.4942 gm. of chemically 
pure magnesium sulphate crystals in 500 ee. of distilled water 
treated as for the analysis of magnesium. It should take exactly 
30 ec. of the standard sodium thiosulphate solution to titrate these 
samples. The starch indicator solution is made by mixing 1 gm. 
of starch to a paste in a little cold water and then gradually 
pouring this into 200 ee. of boiling water. This solution should 
be boiled a little and put into a glass stoppered bottle with a few 
drops of chloroform when cool. 


Test for Sulphate—A sample of 100 ce. of the original salt 
solution is transferred to a 250 ec. beaker, made very slightly 
acid with hydrochloric acid, heated to boiling and an excess of 
barium chloride solution containing about 100 gms. of the salt per 
liter is added while rapidly stirring the solution. After allowing 
to stand a few moments the barium sulphate is filtered off on an 
ashless filter and washed well with water. The filter containing 
the precipitate is then placed in a weighed porcelain or platinum 
crucible and ignited, cooled and weighed. 
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Other Impurities.—Potassium, bromine and iodine are present 
in rock salt and brines in very small quantities, if present at all, so 
there is no need, except in the rarest cases, to analyze the salt 
or brine for them. It is customary to regard the balance of the 
material as sodium chloride or common salt. 


VANILLA EXTRACT. 


Pure vanilla extract is made from the vanilla bean. There 
are several varieties of this bean and the different varieties vary 
quite widely in flavoring value. The choicest extract is obtained 
from beans grown in Mexico. The Tonka bean, which is not a 
variety of the vanilla bean, is commonly used in making imitation 
or substitute vanilla flavoring. The Tonka bean contains cou- 
marin, which subtance is not present in the vanilla bean. By 
extracting the Tonka bean and by mixing synthetic vanillin and 
other substances, such as caramel, prune juice, resinous material, 
glycerol and alcohol, a flavoring may be made that resembles pure 
vanilla extract, but the difference can be detected by the analyst. 
The pure extract possesses a delicacy of flavor and subtlety of 
aroma that cannot be obtained in the substitute or artificial 
product. The presence of coumarin, abnormal amount or de- 
ficiency of vanillin and resinous material, and peculiar reactions 
of the latter assist in distinguishing the fictitious from the pure 
extract. 


The pure vanilla extract is usually made by cutting the vanilla 
beans into small pieces, then crushing them, adding sugar, alcohol 
and water ; macerating the mixture for several hours, then placing 
it in a percolator and extracting it with 50 per cent alcohol. 

Vanilla extract of U. S. Standard quality is the flavoring 
extract obtained from the vanilla bean with or without sugar or 
glycerine and contains in 100 ce. the soluble matters from not 
less than 10 grams of vanilla bean. 


EXAMINATION OF VANILLA EXTRACT. 

Total Solids, A. O. A. C. method—Official. Digest ‘pure 
quartz sand with strong hydrochloric acid, wash, dry and ignite. 
Preserve in a stoppered bottle. 

Place 6-7 grams of the prepared sand and a short stirring rod 
in a flat bottomed dish. Dry thoroughly, cool in a desiccator and 
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weigh. Then add 3-4 grams of the extract, mix with the sand, 
dry in a water oven at the temperature of boiling water for 8-10 
hours, stirring at intervals of an hour, cool in a desiccator and 
weigh. Stir, heat again for an hour, cool and weigh. Repeat the 
heating and weighing until the loss of water in an hour is not 
greater than 3 mg. 


Alcohol determination: Place 25 cc. of the sample in a dis- 
tilling flask and add 25 ce. of water. Distil almost 25 cc. and make 
up to 25 ce. with water. Determine the specific gravity of the 
distillate at 15.6° C. Obtain from an alcohol table the grams per 
100 ce. 


Vanillin and coumarin: A. O. A. C. Method—Official. (This 
method is not applicable to concentrated vanillin and coumarin 
preparations in which the amount of vanillin and coumarin 
present in 50 cc. exceeds the quantity dissolved by 100 cc. of water 


at 20° C. In such cases employ a smaller amount of sample and 
dilute to 50 ec.) 


Preparation of solution: Measure 50 ee. of the extract at 20° 
C. into a 250 ec. beaker with marks showing volumes of 80 and 
50 ec., dilute to 80 cc. and evaporate to 50 ce. on a water bath kept 
at 70° C. or below. Dilute again to 80 cc. and evaporate to 50 ee. 
Transfer to a 100 ec. flask, rinsing the beaker with hot water; add 
25 cc. of 8 per cent neutral lead acetate solution; make up to the 
mark with water, shake and allow to stand 18 hours (overnight) 
at 37°-40° C. Decant into a small, dry filter, reserving the 
filtrate for the determination of vanillin and coumarin, the lead 
number, and the residual color. 


Determination: Transfer a 50 cc. aliquot of the filtrate to a 
separatory funnel and extract with four successive portions of 
ether (previously washed twice with an equal volume of water 
to remove alcohol). Wash the combined ether solutions four or 
five times with 2 per cent ammonium hydroxide solution (2 per 
cent NH, by weight), using 10 ce: the first time and 5 cc. there- 
after, and reServe the ether solution for the determination of 
coumarin. Slightly acidify the combined ammoniacal solutions 
with hydrochloric acid; cool and extract in a separatory funnel 
with four portions of washed ether, using about 40 ce. altogether. 
Evaporate the ethereal solutions at room temperature, dry over 
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sulphuric acid and weigh. If the residue is considerably dis- 
colored or gummy, re-extract in the dry state with boiling pe- 
troleum ether (b. p. 40° C. or below) not less than 15 times; 
evaporate the solvent, dry and weigh. The residue should now 
be white, crystalline vanillin, with a melting point of approxi- 
mately 80° C. A small amount of this residue, dissolved in 2 
drops of concentrated hydrochloric acid, should develop a pink 
color upon the addition of a crystal of resorcin. 

Evaporate at room temperature the original ether extract of 
the sample, from which the vanillin has been removed by means 
of ammonium hydroxide, and dry over sulphuric acid. The resi- 
due, if pure coumarin, should melt at approximately 67° C. and 
should respond to Leach’s test for coumarin as follows: A small 
portion of the residue, dissolved in not more than 0.5 ec. ec. of hot 
water, should yield a brown precipitate upon the addition of a 
few drops of N/10 iodin. This precipitate finally gathers in 
green flecks, leaving a clear, brown solution. The reaction is espe- 
cially marked if the reagent is applied with a glass rod to a few 
drops of the solution on a white plate or tile. 


Lead Number: A. O. A. C.—Official. To a 10 ce. aliquot of the 
filtrate from the lead acetate precipitate, as obtained under 
‘‘Preparation of solution,’’ add 25 cc. of water, 0.5-1.0 ec. of 
sulphuric acid, and 100 ec. of 95 per cent alcohol by volume. 
Let stand over night, filter on a Gooch crucible, wash with 95 per 
cent alcohol, dry at a moderate heat, ignite at low redness for 
three minutes, taking care to avoid the reducing flame, and weigh. 
Conduct a blank determination employing water containing 4 or 
5 drops of glacial acetic acid in place of the sample. The lead 
number is calculated by the following formula: 

100 0.6831 (S—W) 
[P= 
5 
P=lead number (grams of metalic lead in the precipitate ob- 
tained from 100 ee. of the sample) ; 
S=grams of lead sulphate corresponding to 2.5 ec. of the lead 
acetate solution as determined in a blank analysis; and 
=grams of lead sulphate obtained in 10 ce. of the filtrate from - 
the lead acetate precipitate, as obtained under ‘‘Preparation 
of solution.’’ 


—13.66 (S—W) in which 
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Vanilla Resins 


Qualitative Test: A.O. A. C—Tentative. Place 50 cc. of the 
extract in a glass dish and evaporate the alcohol on a water bath. 
When the alcohol is removed, make up to about the original 
volume with hot water. If alkali has not been used in the manu- 
facture of the extract, the resins will appear as a floculent red to 
brown residue. Acidify with acetic acid to free the resins from 
the bases, separating the resins completely and leaving a part de- 
colorized, clear, supernatant liquid after standing a short time. 
Collect the resins on a filter, wash with water and reserve the fil- 
trate for further tests. 


Place a portion of the filter with the attached resins in a few 
ec. of dilute potassium hydroxide solution. The resins are dis- 


solved, giving a deep red solution; acidify, and the resins are 
precipitated. 


Dissolve a portion of the resins in aleohol. To one portion add 
a few drops of ferric chloride solution; to another portion, hydro- 
chloric acid; neither produces any marked change in color. Most 
resins, however, in alcoholic solution give color reactions with 
ferric chloride or hydrochloric acid. 

To a portion of the filtrate obtained above add a few drops of 
basie lead acetate solution. The precipitate is so bulky as to 
almost solidify, due to the excessive amount of organic acids, 


gums and other extractive matter. The filtrate from the precipi- 
tate is almost colorless. 


Test another portion of the filtrate from the resins for tannin 


with a solution of gelatin. Tannin is present in varying but small 
quantities but should not be present in great excess. 


Color value: A. O. A. C—Tentative. Pipette 2 ce. of the ex- 
tract into a 50 cc. graduated flask and make up to the mark with 
a mixture of equal parts of 95 per cent alcohol and water. De- 
termine the color value of this diluted extract in terms of red 
and yellow by means of a Lovibond tintometer, using a one-inch 


cell. To obtain the color value of the original extract multiply 
the figures for each color by 25. 


Residual Color After Precipitation With Lead Acetate: A O. 
A. C. Method—Tentative. Determine the color value, in terms 
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of red and yellow, of the filtrate from the lead acetate precipitate ; 
as obtained under ‘‘ Preparation of Solution,’’ using a 1-inch Lovi- 
bond cell. Multiply the reading by 2 to reduce the results to 
the basis of the original extract. If the actual reading of the 
solution is greater than 5 red and 15 yellow, as may happen if 
the extract is highly colored with caramel, a % or % inch cell 
should be employed, and the readings multiplied, respectively, by 
4 or 8. Divide the figures for red and yellow, respectively, by the 
corresponding figures of the original extract and multiply the 


Fig. 154. Lovibond Tintometer, 
Courtesy Arthur H. Thomas Co. 


quotients by 100, to obtain the percentages of the two colors re- 
maining in the lead acetate filtrate. 

Caleulate also the relation of the red to yellow in both ex- 
tract and lead acetate filtrate. 


GELATIN. 


Gelatin is an albuminoid-like material extracted from bones 
and other animal parts by heating them in water. When hot 
water containing as low as one per cent of gelatin cools a jelly 
forms. The substance is used legitimately in preparing a number 
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of palatable dishes and as a stabilizer in ice cream. When the 
substance is added surreptitiously to produce body and apparent 
richness in dairy products, as for example, to ordinary market 
eream, it is used for a deceptive purpose and is then classed as 
an adulterant. 

The quality of gelatin may vary according to the material from 
which it is made, the methods of manufacture and the presence 
or absence of impurities. The pure food regulations of the United 
States Department of Agriculture specify that there shall be, per 
million parts of gelatin, not more than 350 parts of sulphurous 
acid, 100 parts of zinc, 300 parts of copper and 1.25 parts of ar- 
senic. 


Grading and Testing Gelatin: Place 30 grams of the granu- 
lated gelatin in a 250 ec. container and add 180 ce. of cold water, 
stir thoroughly and soak for 1 hour. Then place the vessel con- 
taining the soaked gelatin in a water bath at 60° C. (140° F.) 
until the gelatin is all dissolved. Let stand about ten minutes 
longer, then determine the color and odor. 


Mojonnier Viscosity Test for Gelatin. T. Mojonnier. Add to- 
gether dry gelatin and water in the exact proportions to make 200 
ec. of solution containing .10, .25, .50, .60, .75, 1.00, and 1.50 per 
cent respectively, of the gelatin. Heat to 140° F. until the gela- 
tin is all dissolved. Cool and hold in ice water for at least twelve 
hours. Determine the viscosity in each sample using the Mo- 
jonnier-Doolittle viscosimeter, described in this chapter. Read 
and record results in terms of degrees of retardation. For 
comparison make determinations using water only. 


The best qualities of gelatin when made up into solutions con- 
taining one per cent or more of the gelatin, may yield a product 
that is too viscous to permit of the determination of the viscosity 
by the above method. 


Frohring Gelatin Foam or Air Test. W. 0. Frohring. Add to- 
gether dry gelatin and water in the exact proportion required to 
make 100; ce. of solutions containing various percentages of gela- 
tin. The most practical amounts are .20, .50, .60, .70, .80, .90, and 
1.00 per cents respectively, of the gelatin. Heat to 140° F. until 
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the gelatin is all dissolved. Cool and hold in ice water for at least 
twelve hours. Whip for one minute using electric soda fountain 
mixer. Read and record increase in volume, immediately after 
whipping and at end of half hour interval. 


Jelly Value of Gelatin: A method that is practical and easily 
applied in determining the jelly value of gelatin has been de- 
veloped by Clark and Dubois.** They make up from each sample 
a series of gelatin solutions of known concentrations. These are 
allowed to cool and set, and are then heated to a predetermined 
temperature. The concentrations that go into solution are then 
noted. The sample having the lowest percentage concentration 
that does not go into solution has the highest jelly value. 


Procedure: Number from 1 to 10 a series of 6-inch test tubes 
that are nearly equal in diameter, graduated at the 10 cc. mark 
and fitted with corks. Into tube No. 1 weigh 0.1 gram of the 
granulated gelatin, into tube No. 2 weigh 0.2 gram and so on, 
increasing the amount of gelatin in each successive tube by 0.1 
gram. Add cool water until the tubes are full to the 10 cc. mark, 
place a glass rod in each tube and stir the contents occasionally 
during several hours, then stand the tubes in boiling water until 
the gelatin is completely dissolved. When complete solution is 
obtained remove the glass rods and cork the tubes tightly to pre- 
vent the formation of a skin on the surface when the gelatin 
cools. Cool the tubes considerably below 10° C. (50° F.) if that 
is to be the observation temperature. Next place the tubes in 
water and warm it up very gradually to the temperature at which 
the observation is to be made (10 C. is advised for making the 
observation). Observation of the ‘‘set’’ is then made by tilting 
the tubes and noting which contain the gelatin in solution and 
which do not. 


The observation may be made at other temperatures, but 10° C. 
is considered as a good average working temperature. After ex- 
perience has been obtained by working with the method it may 
be found that it is not necessary to make up a series of as many as 
10 tubes in order to cover the concentrations that go into solution 
or remain set at the observation temperature. 
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Depression Gelatin Test**— 
Weigh out exactly one-fourth 
ounce of well mixed gelatin, pour 
it on top of exactly 8.25 ounces 
of cold water, after 15 minutes 
set the beaker in water at 145° F. 
until the gelatin goes into solu- 
tion, then place the beaker in a 
refrigerator or temperature at 
about 40° F. for at least 12 hours. 
The beaker is then taken from the 
refrigerator and a depression test 
of the gelatin is made at once 
(within two minutes), by means 
of a special instrument (Fig. 
154A), so constructed that a 
plunger is allowed to fall by the 
force of gravity upon the surface 

Fig. 154A. The Hall Depression Of the jelly; a pointer and scale 

Gelatin Tester. indicates how far down the 
plunger sinks. The reading on the scale is a measure of the 
jelly strength because the plunger settles lower in a weak 
gelatin jelly than it does in a stronger. ~* 


GUM ARABIC. 


McMillan’s Method for Analyzing Gum Arabic.*? Reagent: 
Dissolve 50 grams of copper acetate in water, add an excess of 
ammonia and make the solution up to 1000 ee., using alcohol and 
water in such proportion that the final solution contains 50 per 
cent of alcohoi. 


Determination: Place 50 ce. of a 5 per cent solution of the 
original sample in a beaker, add an equal volume of aleohol and 
25 ee. of the copper reagent, stirring constantly. Filter through 
a weighed paper. Wash the precipitate with 50 per cent alcohol 
containing ammonia, then with 70 per cent and finally 95 per 
cent alcohol. Dry to constant weight at 105° C.; ignite and weigh 
the ash. 
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Moisture: Determine the percentage of moisture in some of 
the original sample by drying in a current of hydrogen at 105° C. 


Add the weight of the moisture to the weight of the ash and 
subtract the sum thus obtained from the weight of the substance 
obtained by precipitation with the copper reagent. The differ- 
ence is the ‘‘net gum arabie.”’ 


GUM TRAGACANTH. 


At present methods have not been completed which satisfac- 
torily determine the relative merits of different samples of gum 
tragacanth, or, for readily distinguishing the presence of all 
adulterants and substitutes. The most common adulterant and 
substitute is Indian gum, but Peru gum, and nourtoak root mixed 
with gypsum have also been used. The adulterant may be less 
soluble than gum tragacanth, or after bringing it into solution 
with difficulty, it may liquefy so far that it is of little value. 
The A. O. A. C. gives the following method for measuring the 
purity of gum tragacanth. 


Volatile Acidity (Tentative)—The quantity of volatile 
(acetic) acidity developed in the acid hydrolysis of gum traga- 
eanth (Astragalus gummifer) affords a valuable index of the 
purity of this commodity when compared with results obtained 
by similar treatment of so-called ‘‘Indian gum’’ (Cochlospernum 
gossypium and Stereulia urens). The term ‘‘volatile acidity’’ 
expresses the number of cc. of N/10 potassium or sodium hy- 
droxid required to neutralize the volatile (acetic) acid obtained 
by distilling with steam the products of the action of boiling 
aqueous phosphoric acid on 1 gram of the gum. 


Treat 1 gram of the whole or powdered sample in a 700 ce. 
round-bottomed, long-necked flask for several hours in the cold 
with 100 ce. of water and 5 ce. of sirupy phosphoric acid until the 
gum is completely swollen. Boil gently for 2 hours under a 
reflux condenser. A very small amount of cellulose substance 
will remain undissolved. Now distill the hydrolyzed product 
with steam, using a spray trap to connect the distillation flask 
with the condenser and continue until the distillate amounts to 
600 ee. and the acid residue to about 20 ce. Do not concentrate 
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too far, as this would scorch the non-volatile, organic decomposi- 
tion products and possibly contaminate the distillate. Titrate the 
distillate with N/10 potassium hydroxid, using 10 drops of 
phenolphthalein as an indicator, finally boiling the liquid under 
examination until a faint pink color remains. Correct the result 
by a blank determination and express the final results in terms 
of the number of ec. of N/10 alkali required, as in the above 
definition. 


While tragacanth yields a practically colorless solution when 
boiled with aqueous phosphoric acid, Indian Gum, on the other 
hand, gives a pink or rose solution. This reaction may be used 
as a preliminary test for the detection of Indian gum. 


THE SPECIFIC HEAT OF DAIRY PRODUCTS. 


In recent years processes for heating and refrigerating have 
become important economical factors in the manufacture and 
preservation of dairy products. The production of high or low 
temperatures in large masses of material involves considerable 
expense and, unless the methods employed in obtaining them are 
properly controlled, when applied to the products of the dairy 
there is always present the danger of further loss through 
damaging the materials. Different substances vary in the amount 
of heat required to raise their temperature through a given range. 
The causes of these differences are both physical and chemical, 
and the capacity of a substance to absorb heat may vary con- 
siderably as changes occur in its physical and chemical status. 


The unit of heat measurement or thermal unit is the calorie. 
It is the amount of heat required to raise the temperature of one 
eram of water one degree centigrade. As the amount varies 
slightly with changes in temperature, the temperature at which 
measurements are made should always be given. It should be 
stated that the large calorie is used in engineering practice. It 
is the amount of heat required to raise one kilogram of water one 
degree C. The British thermal unit (B. T. U.) is the heat required 
to raise one pound of water one degree Fahrenheit, while in most 
European continental countries the kilogram is substituted for 
the pound, as the unit of weight. 
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When substances having different temperatures are brought 
together the temperature of the warmer material falls on account 
of a transference of heat to the colder material. The amount of 
heat that is transferred in this way by unit mass of a substance 
while cooling 1° C. is called the specific heat of that substance. 
As this amount is equal to the number of calories required to 
raise unit mass of the substance 1° C., the specific heat of a sub- 
stance may be defined as the number of calories required to raise 
the temperature of 1 gram of the substance 1° C. 

Methods for studying the specific heat of different substances 
have been in process of development during the past century. Re- 
cently Hammer and Johnson** designed special apparatus and 
made a study of the specific heat of several dairy products.’ A 
description of one of the forms of apparatus developed, their 
method for making specific heat determinations, and some of the 
results obtained follow. 


Apparatus Design.—‘‘In apparatus No. 1, for variable voltage, 
Fig. 155, the outer insulating walls (1) of the apparatus consists 
of pressed cork, such as is used in the construction of refriger- 
ators and thermostats. In the cylindrical cavity (2), which may 
be gouged out with a sharp paring knife, is the copper (or glass) 
calorimeter vessel (3) (Dia.—6.25 em. Height=—8.75 em.) for 
holding 100 gms. of sample; (4) is another copper vessel (D= 
4.7 em., H=8.1 em.) with a capacity of 100 gms. of water, in 
which is immersed an electric light bulb and a thermometer to 
which a stirrer is attached. The vessel is arranged with a tight 
fitting cap having a bayonet catch. Leads from the electric lamp 
pass up through a fibre or glass tube (5) which also serves as a 
handle for the whole vessel and its contents which we may call 
the ‘‘heater.’’ The upper portion (6) of the cork insulating vessel 
has cut through it a cylindrical hole just a trifle greater in 
diameter and deeper than the heater. Between the upper and 
lower portions of the cork container is a heavy asbestos board 
partition (7) the middle third of which is a slide that may be 
readily inserted or withdrawn. 


Operation of the Apparatus.—The operation of the apparatus 
is as follows: 100 grams of milk is weighed in the vessel (3) 
which is placed in the cork thermostat. A thermometer (8) 
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reading .1 degree C. is then inserted. The electric current is 
turned on the heater (4) and this is allowed to come to a suitable 
temperature outside of the thermostat. If the temperature of 
the milk is 20 degrees C. it will be sufficient to heat the heater to 
about 45° C. It is then placed in the cavity (9) and allowed to 
come to a condition such that radiation takes place regularly, the 
thermometer (8) is read, and when the mercury of the thermo- 
meter (10) comes to a chosen mark the heater is dropped down 


Yj 


_ Z 


Fig. 155. 
Specific Heat Determination Apparatus. 


into the liquid in the calorimeter vessel. The liquids of both ves- 
sels are agitated regularly until the thermometer (8) shows the 
maximum rise of temperature. Results are gotten for water and 
the substance in hand for the same range of temperature. The 
specific heat of the substance is inversely proportional to the 
temperature rise, the rise being compared with that of water 
under like conditions. Corrections for radiation and the water 
equivalent of the calorimeter must of course be applied. 
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Specific Heat of Whole Miik. The samples of milk used in the 
tests were from the composite milk delivered at the College 
creamery. The fat content varied from 3.4 per cent to 4.9 per 
cent, most samples having about 4.3 per cent. About 15 hours 
elapsed between the time the milk was drawn from the cows 
and the time of the tests. After the milk was delivered at the 
creamery the samples were kept in the refrigerator. 


The averaged results for the various temperatures have been 
plotted in the form of a curve. See Fig. 156. 


Though the changes in the specific heat of milk between 
15.0° C. and 60.0° C. are not great, still there is shown by our 
data a fairly pronounced maximum at about 30.0° C. 


Specific Heat of Skim-milk. Samples of sweet, skim-milk 
varying in fat content from 0.30 to 0.88% were obtained from a 
small separator immediately after running through the machine. 
The average 15 determinations on 4 different samples made 
between approximately 20 and 40° C. gave an average value of 
0.949 Over the pasteurizing range of 60°-70° C. the average 
value of 0.963 was obtained. 


Specific Heats of Cream. The creams used were sweet and 
were separated from composite milk in the morning and kept in 
a refrigerator until evening when the measurements were carried 
out. A series of determinations were made on each sample over 
quite a wide range and generally up to aout 60° C. 


In the course of the measurements on creams it was found 
that apparent specific heats considerably above 1,000 were often 
encountered. This peculiarity of cream was also noted by Fleish- 
mann. The authors’ data for 33.5 per cent, 30 per cent, 27 per 
cent, 15 per cent and 60 per cent creams have been obtained under 
very definite conditions and the results averaged; from the aver- 
ages the curves shown in Fig. 156 have been plotted and these 
will be discussed later. The 60% cream was first heated, as it 
was very viscous at room temperature. 


Specific Heat of Whey. The whey used was from composite 
milk and was obtained from the cheese vat. There was present 
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TABLE 109. 
Specific Heat of Skim-Milk. 


SAMPLE No. 1 SAMPLE No. 2 SAMPLE No. 3 
Temp. C. So, J8l, Temp. C. Sp. H. Temp. C. Sp. H. 
18.80° 15.35° 21.00° 
0.951 0.941 0.942 
24.00° 20s 72° 26. 20° 
0.948 0.941 0.940 
29.70° 25. 88° 31.20° 
0.957 0.937 0.948 
34.54° 30.90° 36 .00° 
0.955 0.958 
39.32° 35.70° 
0.957 
43.95° . 
Av. 0.954 0.944 0.943 
: 
SAMPLE No. 4 SAMPLE No. 5 SAMPLE No. 6 
Temp. C. Sp. H. Temp. C. Sp. H. Temp. C. Sp. H. 
20.30° 61.90° 58.55° 
0.946 0.977 0.942 
25.80° 65. 68° 62.55° 
0.960 0.974 0.948 
31.09° 68.20° 65.20° 
0.957 0.972 0.952 
36.14° 70.60° 68. 10° u 
0.966 
70.66° 
Av. _ 0.954 0.974 0.952 
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from 0.25 to 0.30 per cent fat and the samples were opalescent. 
The values obtained for two samples taken at different times 


were very near one another. 


23° and 33° C. was 0.975. 


The average specific heat between 
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Fig. 156. Specific Heat of Several Dairy Products at Various Temperatures. 


TABLE 110. 
Specific Heat of Whey. 


SAMPLE NO. 1. 


Temp. Range CU. Sp. H. 
22.99 pane a 
28.38 - 0.977 
33.60 0.974 

Average...... 0.975 


Specific Heat of Butter. 


SAMPLE NO. 2. 
a Temp. RangeC. Sp. H. 
22.93 ees 
28.32 0.977 
33.55 0.975 
Average...... 0.975 


Three samples of butter taken from 


the churning on three different occasions, and containing the 
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ordinary amounts of curd, salt, water and fat gave the following 
results : 
TABLE 111. 
Specific Heat of Butter. 


oa Ey 
ea 
ai sat Cea Water Ke 30-60° C. 
i Balen y tres et Dine, 0.60 14.20 83.0 0.688 
lea eee 1502 0.48 13.50 85.0 On5at 
1B oe oe eee 1.14 0.76 13.60 84.5 0.574 


The values for ordinary butter are considerably higher than 
for pure fat. This is in part due to the presence of considerable 
quantities of water. 


Specific Heat of Butter Fat. Butter fat carefully prepared 
in accordance with the specifications of the official method gave 
the following results: 


No. 1 Average from 30°-60° C. equals 0.532 
No. 2 Average from 30°-60° C. equals 0.510 


SAN OTA OG .cty ewer aaa eer ety pam eeann 0.521 


Samples of practically pure butter fat were also prepared by 
taking freshly churned butter, placing it in a large separatory 
funnel, and keeping it in a thermostat at 48° C. so as to allow the 
fat, curd and water to separate by gravity. Water was added 
several times, shaken with the melted fat and allowed to separate 
and then drawn off. Next fused calcium chloride was added and 
the melted fat thoroughly dried, then filtered. The average 
value between 30° C. and 60° C. for four samples thus treated 
was 0.507. At 30° C. it was 0.485 and at 60° C. 0.530.’’ 


The results obtained by Hammer and Johnson on milk agree 
fairly well with the results obtained by previous investigators, 
but they point out that, heretofore, results obtained on cream and 
butter varied widely due to making no allowance for influencing 
factors such as the temperature range over which the substances 
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were to be heated or cooled. A more detailed discussion of 
results may be found in the original publication. 


TABLE 112. 


Specific Heat Values for Milk and Milk Derivatives. 


Conditions 
Specific 
Material Temperature % Se Investigator Reference 
on Fat 
Whole Milk 16—17° 9406 Chanoz & Grimmer-Chemie and Physiclogie 
0523 Vaillant der Milch. Orig. Journ. de 
Phys. et de Pathol Generale 8, 
p. 413. 
Whole Milk 14—16° 3.17 | .9457 Fleischmann| Jour. Landwirtschaft 50, p. 33. 
Whole Milk | 27.5 up to 40 
and return -93851 Fleischmann| Jour. Landwirtschaft 50, p. 33. 
Whole Milk 94 Fjord MeKay & Larsen, Principles and 
Practices of Butter Making. 
Skim-Milk 14—16° 20 9388 Fleischmann] See above. 
Skim-Milk 27.5 up to 40 
and return . 9455 Fleischmann| See above. 
Cream 14—16° 19.18 | .9833 Fleischmann] See above. 
Cream 27.5 up to 40 
and return . 8443 Fleischmann| See above. 
Cream Ag Fjord McKay & Larsen. See above. 
Butter 4 Fjord McKay & Larsen. See above. 
Butter 31.15 . 5207 Fleischmann| See above. 
Butter soo King Siebel’s Compend. Mech. Ref. & 
Eng. 


THE FREEZING POINT OF MILK. 


As the freezing point of milk is one of its least variable 
factors, it has been used with considerable success in determining 


the presence of added water. 


The followng temperatures of the 


freezing point of milk are given by different investigators. 


Richmond*‘, about 0.55° C. (31° F.) ; Barthel*’, between 0.55° 


and 0.57° C.; Atkins**, 0.55 and further states that it never 
varies more than 0.03° C.; Stocking?’, 0.55° C.; Grimmer**, gives 
0.54 to 0.57° C.; Heineman®®, 0.54 to 0.57 and further states that 
dilutions with water below 10 per cent cannot be detected with 
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certainty by freezing point determinations. Others state that as 
little as 5% of added water can be detected with certainty, and 
the Chem. Bulletin**, volume 7, No. 4, University of Minnesota 
Section, states that the method is reliable to a minimum of 3 
per cent of added water and gives the results shown in Table 113. 


TABLE 113. 


Detection of Water Added to Milk by Freezing Point Method. 


Specific Freezing Added 
No. of Gravity Fat Tota Solids Point— Water Water 
Sample | at 60° F. Solids Not Fat 0 Deg. C. Found Added 
% % % % % 
1 1.029 4.6 12.92 8.32 0.475 13.6 12.0 
2 1.0312 4.8 183... 7 8.9 0.490 10.9 10.0 
3 1.0339 Dez 14.85 9.65 0.544 none none 
4 1.0346 52 15.08 9.83 0.549 none none 
5 1.0319 5.0 14.12 9.12 0.518 5.8 4.0 
6 1.0314 4.8 Bs 7 8.95 0.505 82. 8.0 
a 1.0311 Boll 117) 335 8.65 0.518 5.8 market 
8 1 OS28la 4327 12.77 9.07 | 0.524 ey) ee 
. \sample 
9 1.0330 | 3.7 | 13.03 | 9.38 | 0.541 | none ina oe 
sample 


Different forms of apparatus have been devised for the pur- 
pose of determining freezing points. The best known are Beck- 
mann’s freezing point apparatus and Hortvet’s Cryoscope illus- 
trated under Fig. 157. By means of the latter apparatus the 
freezing point determination of milk may be made in less than 
10 minutes. The directions for making determination are given 
as follows: 


~ 


Insert a small caliber thistle-tube or funnel tube into the 
vertical portion of the T-tube at one side of the apparatus and 
pour in about 400 cc. of ether previously cooled to 15° C. or 
lower. Close the vertical tube by means of a small cork and 


FREEZING Porn’ts 679 


connect the pressure bulb or pump to the air inlet tube of the 
air drying attachment on the opposite side of the apparatus. 


Measure into the inner test tube 30 to 
35 ec. of boiled distilled water, previously 
cooled to 10° C. or lower. Enough water 
should be measured in to fairly submerge 
the thermometer bulb. Insert the ther- 
mometer, which together with the stirring 
device is mounted in a sound stopper, and 
lower the test tube into the larger tube, 
which is tightly fitted into the apparatus. A 
small quantity of alcohol, sufficient to fill 
the space between the two test tubes, will 
serve to complete the conducting medium 
between the interior of the apparatus and 
the liquid to be tested. A sufficiently tight 
connection between the inner and outer 


Fig. 157. tubes is afforded by means of a narrow 

Moxtvet Gryoseope. section of thin walled tubing. The ther- 

mometer and stirring device should fit accurately in the stopper 
and the entire arrangement should be in a vertical position. 


By means of the pressure pump maintain a steady current of 
air through the apparatus, thereby vaporizing the ether at a 
fairly rapid rate. Arrangement may be made so as to conduct 
the ether vapors away from the operator and the apparatus 
should not be used in the vicinity of a flame. Keep the stirring 
device in a steady up-and-down motion at a rate of approximately 
one stroke each two or three seconds, or even at a slower rate 
providing the cooling proceeds satisfactorily. Maintain passage 
of air through the apparatus until the temperature of the ether 
cooling bath approaches 3° below zero, as indicated on the control 
thermometer, or until the top of the mercury thread in the special 
freezing point thermometer recedes to a point in the neighborhood 
of the probable freezing point of water. Continue the manipula- 
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tion of the stirring device until a supercooling of sample from 
1.2 to 1.3° is observed. Also note the temperature recorded on 
the control thermometer in order to guard against excessive 
supercooling and a consequent too low convergence temperature. 
As a rule, by this time the liquid will begin to freeze, as may be 
noted by the rapid rise of the mercury thread. Manipulate the 
stirring device slowly and carefully two or three times while the 
mereury column approaches its highest point. By means of a 
suitable light weight mallet tap the upper end of the thermometer 
cautiously several times in order to insure a permanent position 
of the top of the mercury column. Observe the exact reading on 
the thermometer scale and estimate to 0.001° C. After a few 
minutes’ time the mercury may begin to recede owing to the 
cooling effect of the ether in the interior of the apparatus. When 
the above observation has been satisfactorily completed make a 
couple of duplicate determinations, then remove the thermometer 
and stirring device and empty the water from the inner tube. 


Rinse out the test tube with about 20 ce. of the sample of milk 
to be tested, measure into the tube about 35 ee. of the milk, or 
enough to fairly submerge the thermometer bulb, and insert the 
tube into the apparatus. In the meantime by lowering a narrow 
tube into the ether bath, then closing the top end by means of 
the forefinger and raising to a suitable height, a judgment may be 
obtained as to whether an additional supply of ether is necessary 
for the next determination. Usually an additional 50 to 75 ee. 
of cold ether should be poured in at this stage. When the 
apparatus has once cooled down to low temperature an additional 
50 ce. of ether is sufficient on an average for every four or five 
succeeding determinations. 


Make the determination on the sample of mitk, following the 
same procedure as that employed in determining the freezing 
point of water. As a rule, however, it is necessary to start the 
freezing action in the sample of milk by dropping in a small 


SEPARATING Mik ConsTiruENts 681 


fragment of ice (approximately 0.05 gram) at the time when the 
mercury column has receded to a place from 1.2 to 1.3° below 
the probable freezing point. A rapid rise of the mercury column 
results almost immediately. Manipulate the stirring device slowly 
and carefully two or three times while the mercury column ap- 
proaches its highest point. Complete the adjustment of the 
mercury column in the same manner as in the preceding deter- 
mination, then observe the exact reading on the thermometer scale 
and estimate to 0.0001°. The algebraic difference between the 
reading obtained on the sample of water and the reading obtained 
on the sample of milk represents the freezing point of the milk. 

For deducing the proportion of added water from the deter- 
mined freezing point use Winter’s Table as published in extended 
form in the Chemical News, Vol. 110, 1914, pages 283-284, or use 
the porcelain scale accompanying the cryoscope. The percentage 
of added water (W) may also be calculated as follows: 

100 (T—T") 
ners eee 

in which T represents the average freezing point of normal milk 
(—0.550) and T’ the observed freezing point on a given sample. 


THE PREPARATION OF PURE MILK CONSTITUENTS. 


Milk Fat:—Place in a tall cylinder fresh unsalted butter ob- 
tained by churning pure sweet cream, hold at a temperature of 
60° C. (140° F.) until the water and curd settles. Filter most 
of the melted fat without allowing any of the water to get onto 
the filter. Dry the filtered fat carefully and preserve in air tight 
glass stoppered jars in a cool place away from the:light. 

Pure Casein. Van Slyke and Baker Method*:.—The aim of 
this method is to introduce an acid into the milk in a manner 
that approaches that of natural souring, and then to separate the 
casein from the serum while all of the calcium and inorganic 


phosphorous are in solution. 
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Description of Apparatus.—The apparatus used in coagulating 
casein in milk by adding acid under the surface with rapid 


Fig. 158. 
Casein Coagulating 
Apparatus. 


stirring consists of four main parts: the milk 
container, the burette, the acid-carrying 
tube, and the stirrer (see Fig. 158). 


(1). Milk container:—A wide mouthed, 
broad, low form container (A) of the de- 
sired capacity permits the best stirring with 
least vibration. 


(2). Burette:—Use a burette with two 
stop cocks, one for regulating the flow of 
acid and another to serve as a shut-off. 


(3). Acid tube:—Diameter of bore 1.5 
to 2 mm., the tip of the tube is bent upward, 
with opening (T) in the form of a narrow 
slit. A rubber joint connects the tube to 
the burette. A pinch-cock must not be used 
on the rubber connection in place of the 
second stop cock or milk and casein may be 
drawn into, and clog the tip opening. 

(4). Stirring-rod (D) :—This is made of 
rigid glass tubing about 1 em. in diameter 
mounted on ball bearings. It must revolve 
rapidly at a speed sufficient to stir the milk 
thoroughly and without excessive foam. The 
connection with the motor (M) is made by 


means of rubber tubing (R). A rheostat connection controls the 


speed of the stirrer. 


Placing the stirrer at one side of the container prevents the 
formation of a whirlpool and drawing air into the milk which 
would cause foaming. The acid delivery tube is so placed 
that the whirling milk washes the tip but is not thrown against 
it, thus avoiding clogging the opening. 
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Milk Used.—One liter of fresh undiluted skim-milk from a 
centrifugal separator is used. 


Acids Used.—Normal lactic acid or a mixture of 1 part normal 
hydrochloric acid and 1 or 2 parts of normal acetic acid is 
preferred. 


Addition of Acid and Coagulation of Casein.—With the stirrer 
revolving at 2000 to 3000 revolutions per minute, the acid is 
allowed to flow so slowly into the milk that no sediment is found 
at the bottom of a sedimentation tube after centrifuging a few 
ec. of the milk. About 45 ce. of the acid may usually be added 
in 30 minutes. When 60 ce. has been added the rate is decreased 
until the coagulation point is nearly reached, as shown by the 
following tests :— 

Titrate a sample of the original milk to the coagulating point, 
then caleulate and add the right amount of acid slowly, with 
constant stirring as described above, after the milk in the 
apparatus has stood about 3 hours, with stirrer revolving at about 
500 revolutions, or less, per minute. Brom-cresol purple may also 
be applied as an indicator. 

As the casein precipitation approaches, foaming may be con- 
trolled either by adding a few drops of octyl alcohol, or by using 
a stirrer free from vibration, or by using a container large 
enough to accommodate the foam. 

When a portion of the mixture on centrifuging in a sediment 
tube yields a definite supernatant layer of solution the addition 
of acid is stopped. About 90 ce. of the normal lactic acid or of 
a mixture of 1 part of normal hydrochloric acid and 2 parts of 
normal acetic acid is ordinarily required. About 75 ce. of normal 
hydrochloric acid usually is sufficient. The mixture is then 
allowed to stand 2 to 4 hours with gentle stirring. 


Treatment of Casein Coagulum.—The casein is centrifuged in 
two or four containers at 1000 revolutions per minute, the super- 
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natant liquid decanted, and the casein washed with distilled 
water 4 or 5 times, centrifuging between the washings and break- 
ing up the coaglum to a smooth paste with a rubber tipped glass 
rod. Wash with 95 per cent alcohol twice and with ether three 
times, adding the liquids gradually with vigorous beating. The 
alcohol removes alcohol soluble material and water. The water 
would cause the casein to cake on drying. The ether removes 
any fat present. 


Spread the washed casein on a smooth, fiat surface to dry 
and work the mass gently with a spatula while drying in order 
to obtain a finely divided product. 


Control of Ash and Phosphorus Content.—A product low in 
phosphorus, about 0.80%, results from holding the casein in an 
uncoagulated condition for about 3 hours at a degree of acidity 
just below the coagulation point. A casein with low ash, 0.05 to 
0.15 per cent, is obtained by holding the casein after coagulation 
in the slightly acid solution for 2 to 4 hours. The acid combines 
with the calcium after decomposing the calcium caseinate, thus 
yielding a casein of low ash content. It does not appear possible 
to remove completely the inorganic prosphorus that remains 
after coagulation once occurs as shown in the table that follows. 


Albumin.—Add sufficient acid to skim-milk to make the solu- 
tion 0.1 per cent acid. The acid must be added very slowly with 
vigorous constant stirring. Warm the milk, if necessary to cause 
casein precipitation, to about 40° C. Stir until the liquid is 
clear, filter through cheese cloth. Refilter the portion that comes 
through first until a filtrate is obtained that is perfectly clear and 
free of casein. Boil the filtrate for about 15 minutes. Filter 
through cheese cloth, wash the precipitate several successive 
times with distilled water, squeezing out as much of the water 
as possible after each washing. Rub the albumin in a mortar 
with 80 per cent alcohol, pour off the alcohol and press out as 
much as possible, and repeat the treatment several times. Finally 
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extract with ether 2 or 3 times and dry at as low a temperature as 
possible. 


TABLE 114. 
Time of Standing Time of Standing yen Phosphorus 
Before Coagulation After Coagulation 
Hours Hours Per Cent Per Cent 

0 6 0.15 0.85 

0 24 0.14 0.86 

0 24 0.15 0.83 

3 0.46 0.81 

4 0 0.43 0.81 

1 12 0.15 0.85 

3 15 0.05 0.80 

3 18 0.11 0.81 

4 4 0.10 0.81 

16 4 0.10 0.81 

30 10 0.10 0.80 


Milk Sugar.—Use the filtrate from the albumin. Make it 
slightly alkaline with lime water and add 5 grams (more if 
necessary) of alum solution for each original 100 pounds of milk. 
Evaporate to one-sixth of original bulk. Add an equal volume 
of wood alcohol and let stand. Filter off the sugar crystals, 
redissolve in distilled water and filter over animal charcoal. 
Evaporate and if necessary dissolve again and repeat the purifica- 
tion process. Dry thoroughly to prevent mold growth and keep 
in glass stoppered bottles. 


Ash.—Evaporate skim-milk to dryness in a large evaporator 
over a free flame. Incinerate the residue to whiteness in-a muffle 
using platinium or porcelain dishes or crucibles for the purpose. 


Citric acid. (Method of T. Mojonnier).—Remove the granules 
of calcium citrate from the bottom of evaporated milk cans. 
Wash thoroughly with water. Dry. Grind to a fine powder. 
Add 5 per cent sulphuric acid in quantity slightly under that 
required to combine with all the calcium contained in the above 
salt. The reaction takes place according to the following 
equation :— 
Ca,(C,H;0,),.+4H,O0+8H,SO,=3CaSO,+2C,H,0,+3H,0 
570.144 : 294.228—1.0 : .5161 
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Therefore add the sulphuric acid in the proportion of one part 
calcium citrate to .5161 part sulphuric acid caleulated upon the 
water free basis. 

Heat the mixture carefully, not to exceed 140° F. 

Filter hot through bone black. Evaporate to small bulk, and 
allow to stand in evaporating dish until the citric acid crystals 
have separated. Separate the crystals from the motor liquor. 
Recrystalize until pure white crystals are obtained. 


HYDROGEN ION CONCENTRATION AND ITS DETERMINATION. 


The theory of electrolytic dissociation announced by 
Arrhenius* in 1887 has been the subject of study and investiga- 
tion for several years. While, at present, there is not a clear 
conception of all of the phenomena connected with it, the results 
already obtained may be applied to advantage especially in the 
different branches of chemistry and biology. In those fields 
many workers apply it daily and a reasonable understanding of 
the theory of electrolytic dissociation, and ability to apply it, 
by workers in bactericlogy and certain branches of dairying is 
already, or rapidly becoming, a necessity. For example, in mak- 
ing culture media the amount of dissociated hydrogen must be 
controlled on account of its influence on the growth of bacteria. 
In the dairy industry, in addition to its ‘application in dairy 
bacteriology, a knowledge of the amount of dissociated hydrogen 
present in milk may be used to advantage in milk inspection work 
and in selecting and allotting milk to be manufactured into 
different dairy products. In the food processing industry it is 
known that the temperature necessary to employ and the duration 
of its application to a given food substance, in order to obtain 
sterilization, is affected by the nature, condition and especially, 
in a large measure, by the acidity of the substance. The acidity 
was formerly measured by its degree of concentration, but at 
present it is known that a part of some of the acid elements may 
be present in acid solution in a condition which enables them to 
act more intensely than the remainder of the acid. An acid 
contains hydrogen, and when in solution has the property of 
dissociating into two components, namely hydrogen ions and a 
reserve quantity of acid capable of producing them. The hydro- 
gen ions act more intensely than the remainder of the acid and 
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in the processing of food play an important part in the destruction 
of bacteria. Therefore, a means of measuring the acidity due to 
dissociated hydrogen in food liquids may be used to great 
advantage in the food processing industry. 


The relative amounts of dissociated hydrogen present in acid 
solutions are expressed by the terms ‘‘hydrogen ion concentra- 
tion’’ or “‘pH’’ value. In order to bring out clearly the meaning 
of these terms Bigelow and Cathcart’s*? excellent description is 
given here. ' 


Explanation of pH Value and Hydrogen Ion Concentration.— 


‘Water has the property of dissociating or separating into its 
components to a very slight extent as shown in the equation: 
HOH=H+ +OH—. The symbol H* is that of the hydrogen ion 
and OH— that of the hydroxyl ion. The + and — signs signify 
that these ions carry respectively a positive and a negative charge 
of electricity. Only about one one-hundred-millionth of one per 
cent of pure water is dissociated into hydrogen ions and there are 
an equal number of hydrogen and hydroxy] ions. 


All acids contain hydrogen in combination and, dissolved in 
water, dissociate to yield hydrogen ions; whereas all alkalis con- 
tain hydrogen and oxygen in the proportion found in the 
hydroxyl ion and, dissolved in water, dissociate to yield hydroxyl 
ions. All the properties common to acids are due to the hydrogen 
ions. When we say that an acid tastes sour we mean in reality 
that the hydrogen ions present taste sour, for it is these that give 
the sensation of sourness. When we speak of an acid attacking 
the tin on tin plate, we should think of the hydrogen ions as the 
active agent. In like manner all properties common to alkalies 
are due to the hydroxyl ions. The brackish taste, the smooth 
feeling on the fingers, are properties of the hydroxyl ions. The 
hydrogen ion and the hydroxyl ion neutralize each other. There- 
fore water has neither acid nor alkaline properties to our usual 
senses. 

The different acids, and also the alkalies, vary in the degree of 
dissociation and therein lies the strength or weakness of an 
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acid or alkali. When we find that a one per cent solution of 
hydrochloric (muriatic) acid is much more sour than an equiva- 
lent solution of acetic acid, it is because a much greater propor- 
tion of the former is dissociated to yield hydrogen ions.’’ 


Baker and Van Slyke*t explain clearly some of the fund- 
amental facts bearing on hydrogen ion concentration and its 
relation to titration methods used in determining the acidity and 
alkalinity of solutions. Extracts from their work, which follow, 
are simple enough to enable those with some knowledge of 
chemistry to understand the principles involved. 


In explaining neutrality, acidity and alkalinity in terms of ions 
of hydrogen and hydroxyl, they point out that: 


‘*(1). A solution is neutral when the number of free hydro- 
gen ions is the same as that of the free hydroxl ions (H+=OH—). 


(2). A solution is acid when the number of free hydrogen ions 
is greater than that of the free hydroxyl ions (H+>OH7—). 


(3). <A solution is alkaline when the number of free hydrogen 
ions is less than that of the free hydroxyl ions (H+<OH—). 


It is not necessary for our purpose to describe here the method 
used in making measurement of the number,of free hydrogen ions 
or hydrogen ion concentrations. It is, however, essential to con- 
sider the method of expressing quantitatively the results of such 
measurements. 


Hydrogen ion concentration can be expressed quantitatively 
in two ways: (1st) In terms of normal solution or hydrogen ion 
normal Cy, and (2nd) in the form of the symbol, pH. Each of 
these expressions has its advantages and objectionable features. 
For those who have always been accustomed to express acidity 
and alkalinity in terms of the normal solution, it is extremely 
awkward to interpret pH values in relation to the reactions of 
solutions. This is owing to the fact that the mathematical 
method of obtaining the values of pH is such that the higher the 
figure representing the value of pH, the lower is the hydrogen 
ion concentration. Thus, an increase in the value of pH indicates 
a decrease in the hydrogen ion concentration. It is, therefore, 
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important to understand the meaning of the value of pH more 
fully in relation to neutrality, acidity and alkalinity as com- 
monly expressed. 

In pure water, the concentration of hydrogen ions is equal 
to that of hydroxyl ions. Therefore, as a starting point, pure 
water is regarded as a really neutral solution, or, stated in 
another way, the hydrogen ion concentration of pure water is 
believed and is taken to be that of true or absolute neutrality. 
Consequently, the concentration of hydrogen or of hydroxyl] ions 
in pure water is called the true or absolute neutral point. Now, 
by actual measurement, the hydrogen ion concentration of pure 
water, expressed in terms of normal solution (Cy) is known to 
be .000,000,1 N, or, expressed more conveniently in abbreviated 
form 1<10-* N; and this value represents quantitatively the true 
or absolute neutral point. On this basis, solutions are acid when 
they contain hydrogen ion concentrations greater than, or hydro- 
xyl ion concentrations less than, 110-7 N; and solutions are 
alkaline when they contain hydrogen ion concentrations less than, 
or hydroxyl ion concentrations greater than, 1107". 

Further, when expressed in terms of pH, the hydrogen ion 
concentration of pure water (1x10 N) has a value of 7. In 
the seale of pH values, 7 is therefore the true neutral point, and 
all values greater than 7 indicate alkaline solutions, while all 
values less than 7 indicate acid solutions.”’ 

In order to enable one to compare easily the values furnished 
by these two methods of expressing hydrogen ion concentration, 
we have prepared Table 115, giving the equivalent values of 
hydrogen ion concentration for pH values varying from 1 to 13 
and also of hydroxyl ion concentrations for pH values varying 
from 7 to 13. 

The first column in the table gives figures for pH values 
varying from 1 to 13; the second and third columns show the 
equivalent values of hydrogen ion concentrations expressed in 
terms of the hydrogen ion normal (Cy) or normal solution, the 
abbreviated form being given in the second column and the full 
form, expressed decimally, in the third column. In the fourth 
column the character of the reaction is stated. In case of pH 
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values higher than 7, the equivalent values are given for hydroxyl 
normal (Coy) or normal solution in columns six and seven. 


In order to bring out a simple relation existing between the 
pH values and their equivalent expressd in terms of hydrogen 
ion and hydroxyl ion normal, pH values are taken at intervals 
of 0.3 in most cases. It will then be observed that the following 
rules apply with close approximation when we take any two 
points in the range of pH values differing by 0.3: 


(1) A decrease of 0.38 in the value of pH at any point is 
equivalent to doubling the Cy value at that point. 

(2) An increase of 0.3 in the pH value at any point is equiva- 
lent to halving the Cy value and doubling the Coy value, at that 
point. 

For example when the pH value equals 2, the equivalent Cy 
value is 0.01; when pH decreases 0.3, that is, to 1.7, Cy equals 
0.02. Again, when the value of pH equals 7.1 the Cy value is 0.8 
10-7; when pH increases 0.3, that is, becomes 7.4, the Cy value is 
0.4X10-7. At the same point (pH, 7.1), the Coy value is .125xX 
10-°; when the value of pH increases to 7.4, the equivalent Coy 
value is .250X<10-°. 


It is obvious that the use of the simple numbers representing 
pH values is more convenient than the numbers representing Cy 
or Coy values. It is evident also that when one desires to plot 
hydrogen ion concentration figures upon co-ordinate paper, the 
pH values possess a marked advantage over the other form of 
expression, especially when the range of differences in values is 
large. 

Table 115 will be found useful for those who have been ac- 
customed to think, not in terms of pH values, but only in those 
of hydrogen or hydroxyl ion normal. It ean be seen that the 
pH value of 1 is approximately represented, for example, by 
tenth-normal (0.1N) hydrochloric acid; while the pH value of 13 
is represented by tenth-normal sodium hydroxide. 


Many are accustomed to express the concentration of solutions 
only in fractional form, as, for example, N/10 instead of the deci- 
mal form, .1N. For such, the relations of pH values to the various 
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concentrations of solutions can be brought out more clearly by 
the following illustrations, using HCl and NaOH and assuming 
that they are completely ionized. 


TABLE 116. 
HCl NaOH 
pH Values Concentrations Expressed pH Values Concentrations Expressed 
Decimally Fractionally Decimally Fractionally 
N N 
120 SD INY — 8 .000,001 N | ———— 
10 1,000,000 
N N 
1.4 04 N ei 9 OOU0LN. | === 
25 100,000 
N 
ad, .02 N = 10 .0001 N 
50 10,000 
N N 
2.0 .01 N — 11 .001 N SSS 
100 ' 1,000 
N N 
21 | 208.N 11.1 | .00125 N = 
125 800 
N N 
2.4 .004 N — 11.4 .0025 N — 
250 400 
N N 
De .002 N == PD .01 N —— 

: 500 : 100 
3.0 001 N m 12.1 0125 N a 
_ | 1,000 80 

| N N 

' 0001 N io (| 025 N — 
£0 2 10,000 40 
5.0 000 a N y Bib 05 N y 
é .000, 2 .05 — 
100,000 20 

6.0 000,001 N a 13.0 TN: N 
wee 1,000,000 , 10 


In Table 117 we give the pH values and their equivalent C 
values for each 0.01 pH, ranging between 1 and 2. By the use 
of this table one can readily ascertain values intermediate be- 
tween those given in Table 116. These intermediate figures can 
be used for any part of the range of values given in Table 116 by 
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adapting the decimal properly. By the use of Tables 116 and 117 
in combination, one can convert pH values into Cy values, or vice 


versa, simply by inspection and without calculation. 


TABLE 117. 
Intermediate pH and C,, Equivalents for Use with Table 116. 


pH C pH C pH Cc pH C pH Cc 
Values| Values | Values Values | Values Values Values| Values | Values | Values 
1.00 | .1000 1.20 .0632 1.40 .0400 1.60 | .0251 | 1.80 | .0159 
1.01 .0980 pail .0619 1.41 .0392 1.61 | .0246 | 1.81 | .0156 
1.02 | .0959 1.22 .0606 1.42 0384 1.62 | .0241 | 1.82 | .0152 
1.03 | .0939 1.23 .0592 1.43 .0375 1.63 | .0286 | 1.83 | .0149 
1.04] .0918 1.24 .0579 1.44 .0367 1.64 | .0231 | 1.84] .0146 
1.05 | .0898 1.25 .0566 1.45 .0359 1.65 | .0226 | 1.85 | .0143 
1.06 .0877 1.26 0553 1.46 .0351 1.66 | .0220 | 1.86 | .01389 
1.07 .0856 | 1.27 .0540 1.47 .0343 1.67 | .0215 | 1-87 | .0136 
1.08 | .0836 1.28 .0526 1.48 .0334 1.68 | .0210 | 1.88 | .0133 
1.09 | .0815 1.29 .0513 1.49 .0326 1.69 | .0205 | 1.89 | .0129 
TOS 0795 1.30 .0500 1.50 .0318 1.70 | .0200 | 1.90 | .0126 
itil .0779 1.31 .0490 1.51 .0311 1.71 | .0196 | 1.91 | .0123 
Pela 0762 1.32 .0480 1.52 .0305 LZ COLO ZF O28 ee Oi2t 
1.138 .0746 1.33 .0470 1.53 .0298 1573" ||) 201885) FL29Ss SORES 
1.14] .0730 1.34 .0460 1.54 .0291 1.74 | .0184 | 1.94 | .0116 
1.15}; .0714 1.35 .0450 1.55 .0285 1.75 | .0180 | 1.95 | .0113 
1.16 | .0697 1.36 .0440 1.56 .0278 176) OL 7591-963 O10 
1.17 .0680 | 1.37 .0430 ied .0271 Ci Se OLA ee 7s OLOS 
1.18 | .0665 1.38 0420 1.58 .0264 1.78 | .0167 | 1.98 | .0105 
iL AG) .0648 1.39 .0410 1.59 .0258 1.79 | .0163 | 1.99 | .0103 
1.20) .0632 1.40 .0400 1.60 .0251 1.80 | .0159 | 2.00 | .0100 


There are two points in connection with the determination of 
hydrogen ion concentration to which it is desirable to call atten- 
tion briefly: (1) Buffer effects and (2) the relation of hydrogen 
ion concentration to titration values. 


(1) Buffer effects. It has been found that many compounds 
have the property of affecting the results of the determination of 
the hydrogen ion concentration. When acid or alkali is added to 
a solution containing such compounds, the change in hydrogen ion 
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concentration is found to be less than would be expected for the 
known amount of acid or alkali added. Any substance which 
tends to prevent change in the original hydrogen ion concentra- 
tion of its solution, when an acid or base is added, is called a 
buffer or regulator. Proteins, salts, etc., may exercise such an 
effect. These effects must be determined for individual cases 
under specific conditions of concentration, temperature, etc. In 
the case of milk, the compounds acting as buffers are proteins, 
phosphates, citrates and carbonates. 


(2) Relation of hydrogen ion concentration to titration 
values. We have seen that hydrogen ion concentration is a quan- 
titative measure of the true acidity or alkalinity of a solution. 
The following question suggests itself to those who have used only 
titration methods for such measurements: What relations have 
the values determined by the measurement of the hydrogen ion 
concentration to those determined by titration? Without going 
into the full details, it is sufficient for our purpose to state that 
the neutral point of a solution, as determined by the use of an in- 
dicator, varies according to the indicator used and rarely coin- 
eides with the true neutral point shown by the hydrogen ion con- 
centration. For example, phenolphthalein under favorable con- 
ditions gives the neutral point of solutions as being somewhere 
between pH, 8 (Cy, 110-7) and pH, 10 (Cy, 1X10-°), instead of 
at pH, 7 (Cy, 1X10-°); methyl red, between pH, 4(Cy, 1X10-*) 
and pH, 6(1X10-5). It should be stated also that the determina- 
tion of hydrogen ion concentration shows extremely minute 
changes in the reaction of a solution, degrees of change which 
are not appreciable or measurable by the use of an indicator. 


ELECTROMETRIC TITRATIONS OF SOLUTIONS CONTAINING 
PROTEIN. 


Before attempting hydrogen ion concentration determina- 
tions upon which conclusions of importance may be based the 
operator should consult the available literature on the subject, 
and by study and experiment become, as far as possible, familiar 
with methods and the many conditions and influences that are 
likely to affect results. This should be done no matter which 
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method is used. The nature of the interferences will vary accord- 
ing to the problem but there is now available a large amount of 
material that may serve as a guide. The book, ‘‘The Determina- 
-tion of Hydrogen Ions,’’ by Clark, is one that no worker should 
fail to consult. 


Baker and Van Slyke’s Method.—This method provides a 
means for making electrometric titrations of solutions containing 


Fig. 159. Apparatus for Making Electrometric Titrations of Solutions 
Containing Protein. 


proteins which is shorter and less complicated than methods pre- 
viously used. A cut of the apparatus used in the test is shown 
in Fig. 159. It consists of a 400 ce. wide mouthed bottle (V) 
calibrated inunits of 50 ce. and provided with a cork stopper (S) 
which is divided into two equal halves that may be easily ad- 
justed in the neck of the bottle. The tube (E) for carrying the 
hydrogen electrode, and through which hydrogen may be passed 
into the bottle, is made by cutting a 10 ec. pipette in two in the 
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middle, then cutting one side of the lower edge off diagonally. 
The upper end of the tube is fitted through a hole in the stopper 
so that it may be raised and lowered as desired. A close fitting 
piece of pure gum rubber tubing attached to the upper end of 
the glass tube permits hydrogen to be passed into the apparatus 
when necessary. The hydrogen electrode (A) is about 1 em. 
square and is made from platinum foil and welded to a piece of 
platinum wire about 15 em. long. A slender piece of glass tubing 
extending down close to the electrode and annealed at each end 
around the wire covers the lower half of the wire. The upper 
end of the platinum wire is passed through a pin hole made 
through one side of the rubber tube after bending it across the 
top of the hydrogen tube. This makes a gas tight joint that 
permits the hydrogen electrode to be raised and lowered within 
the bell shaped lower end of the hydrogen tube and avoid having 
the electrode touch the inside wall. The electrode is prepared 
for use by cleaning it in hot chromic acid, washing with water, 
then giving it a uniform coating of platinum black. It is again 
dipped in hot chromic acid, washed and electrolyzed according to 
Clark’s directions *°. All points on the electrode should give off 
bubbles with equal uniformity. 

The titration reagent is carried into the solution, from a bur- 
ette 30 em. long and holding 10 cec., by means of the capillary 
glass tube (B). The capillary tube should fit snugly in the hole 
through the cork. The stirring apparatus (D) is the same as that 
described in Fig. 158, page 661. The opening through the cork 
should be just large enough to permit the rod to revolve freely. 
The tube (C) permits the addition of any special reagent, such as 
caprilic alcohol when necessary to prevent foaming. It may also 
serve, when made long enough, to siphon off a solution. It should 
then be located near the side wall away from the stirrer. The 
tube (K) contains saturated KCl solution. A roll of filter paper is 
placed in the small opening in the tip that enters the protein 
solution, and also, the upper surface of the KCl solution in the 
funnel is held slightly below the level of the protein solution in 
the bottle, in order to retard flow and diffusion. When the ap- 
paratus is used with a water bath the stop-cock in the KCl tube 
may be placed near the rubber connection at the top. 
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The following additional pieces of apparatus are used: (a) 
A Leeds and Northrup potentiometer, type K; (b) a Leeds and 
Northrup galvanometer, type R, for zero instrument; (¢) a one 
cell storage battery to supply the working current, which is 
checked with a Weston standard cell kept at constant tempera- 
ture. The current being measured originates in the chain, 
Hg|HgCl|0.1 N KCl] solution|H,|Pt,|kept at constant temperature 
during each titration. 


Operation. The solution to be titrated is poured into the 
bottle or vessel (V) and water is added to make the desired 
volume. If a thermostat is used, the temperature of the solution 
should now be adjusted. Any bubbles present should be removed, 
which can be done by pricking them with a greased pin or by 
touching them with a fine capillary tube containing ether. The 
burette must be previously filled and all bubbles carried out of 
the delivery tube (B), the tip of which should be rinsed before it 
is put into the vessel. The filled delivery tube and the stirrer are 
placed in position within the vessel or bottle. The two halves 
of the cork stopper are placed in position together with the other 
parts. Care is taken to have the electrode drawn up within the 
protecting bell so that it does not touch the apparatus or solu- 
tion. Hydrogen is now permitted to flow vapidly in until the air 
is displaced, after which the stirrer is set in motion. This precau- 
tion 1s necessary because any bubbles of air that are stirred into 
the solution greatly retard the attainment of equilibrium. 


The electrode is now quickly lowered until it is entirely under 
the surface of the solution, and connections are then completed 
for the electrolytic cireuit. Equilibrium is quickly reached ordi- 
narily, usually in 2 to 5 minutes after introducing the electrode. 
During the period approaching equilibrium, the stirrer should be 
run fast enough to kep a few bubbles of hydrogen constantly in 
suspension in the solution. Equilibrium is indicated by a con- 
stant E. M. F. for 2 minutes or more. When the E. M. F. is 
satisfactory, the desired amount of reagent is slowly introduced 
from the burette, during which the stirrer may be slightly ac- 
celerated to prevent coagulation but not fast enough to produce 
foam. After introduction of the reagent, readings are made once 
a minute until constant. When the amount of reagent introduced 
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is 0.5 cc. or less, equilibrium should be immediate. Titration is 
now continued until the desired number of values is obtained. 

In order to avoid marked dilution of the protein solution, titra- 
tions are made with use of N solutions of reagents, and thus the 
need of making corrections is avoided since the hydrogen ion 
concentration of the buffered solutions is inappreciably changed 
by the small degree of dilution under such conditions. The speed 
of the stirrer must be carefully regulated so as to cause little or 
no foam; consequently, the addition of the reagent must be mod- 
erately slow; for example, about 1 ce. in 2 minutes in the case of 
N HCl with solutions containing 1 per cent of casein. 


The accuracy of the electrometric titration can be checked, 
when completed, by redetermining the final E. M. F. value of the 
titration of the solution with a Clark electrode. If agreement is 
not close, the results of the titration should be discarded and the 
operation repeated. In our work agreement is nearly always ob- 
tained. 


Baker and Van Slyke’s Colorimetric Method*’ for Determin- 
ing Hydrogen Ion Concentration in Milk: Preparing the indi- 
cator: Dissolve finely ground crom-cresol purple in water using 
0.1 g. for 100 ec. of water. Heat on a water bath to hasten solu- 
tion to saturation. Cool to room temperature and filter. The 
saturated solution contains about 0.09 per cent of the dye. 


Apparatus: (a) <A burette with delivery so controlled that 
each drop measures 0.05 ce. of indicator. (b) Test tubes made of 
Pyrex glass, flat-bottomed, and about 4 inches long and ¥% inch in 
diameter. The tubes hold about 8 cc. and should be uniform in 
color and thickness of wall. (c) Test tube rack so constructed 
that the tubes may be held in a line side by side without conceal- 
ing any of the milk column. (d) Pipettes graduated at 3 ce. for 
measuring the milk into the test tubes. 


Operation: Place the test tubes in the holder, fill the burette 
with the brom-cresol solution and adjust the stop-cock to deliver 
about 1 drop in 2 seconds, each drop measuring 0.05 cc. Allow 1 
drop of the indicator to flow from the burette into each tube 
without touching the side walls while it is falling. Place 3 ee. of 
milk from the first sample in the first tube. Mix the milk thor- 
oughly with the indicator, then measure 3 ce. of the second sample 
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into the second tube, mix and proceed in a similar way for all 
samples. 


Compare the shade of color obtained with each sample with a 
color standard made up as follows: Select a sample of normal 
milk containing between 3 and 4 per cent of fat and having an 
acidity that requires nearly, but not more than, 1.8 cc. of tenth- 
normal alkali for 10 ce. of the milk, using 0.5 ec. of a neutral aleo- 
holic phenolphthalein solution as indicator. 


Arrange 8 test tubes and place 10 ce. of the normal milk in 
each. Run tenth-normal NaOH solution into them as follows: 
Au bee NOs Ghee aeesdee,t tate et a SS ee On 
Drops of tenth-normal NaOH... 0 2 4 6 8 10 12 14 


In adding the alkali from the burette take all of the precau- 
tions that were observed in measuring the brom-cresol purple into 
the first set of test tubes. Mix the alkali and milk thoroughly. 
Arrange another set of 8 test tubes like the smaller ones used in 
the first instance and number them from 1 to 8. From each test 
tube containing the milk and alkali mixture measure 3 ee. into 
the smaller test tube that is numbered correspondingly, and add 
to each, one drop of the brom-cresol purple solution and mix well. 
Compare the color of each tube containing the unknown milks 
with the standard set of tubes containing the milk, alkali and 
brom cresol mixture. 


The reaction color in each tube corresponds approximately to 
the following pH values. 


TABLE 118. 
INOMINESerics ese 1 Ps 3 4 5 6 if 8 
ec. of 0.1 NNaOH used..| 0 | 0.1 | 0.2 | 0.8 |0.4 10.5 | 0.6 | 0.7 
6.5 | 6.6 | 6.67 | 6.75 | 6.82 | 6.90 | 6.98 | 7.05 
to to to to to to to to 
6.6) 6267762755) 6.82 Ge9On GL OSah veOonIn vale 


Symbol for reaction color} N | N-1 | N-2 | N-3 | N-4 | N-5 | N-6 | N-7 


As a matter of convenience in tabulating results, we append 
a series of symbols to indicate the pH values, N standing for nor- 


HyprocEn Ion ConcENTRATION 701 


mal reaction and N followed by the minus sign and figures rang 
ing from 1 to 7, indicating decreased acidity corresponding to 
increasing pH values. 


Such samples as appear to be abnormal by showing a deeper 
blue shade of color, indicating decreased acidity, are open to the 
suspicion of being watered, or skimmed, or treated with alkaline 
salts, or containing excessive numbers of leucocytes as in milk 
from diseased udders. Which of these suspicions is justified can 
be ascertained by the determination (1) of the freezing-point, (2) 
of the percentage of milk-fat or the ratio of fat to proteins, (3) 
of the specific gravity, (4) of the total solids, (5) of the presence 
of alkaline salts, especially sodium bicarbonate and borax, (6) of 
the numbers of leucocytes by direct microscopic examination by 
Breed’s method, and (7) of CO, by Van Slyke’s method*? modi- 
fied by us for use in connection with milk. 


In the case of samples showing a color lighter than normal 
with the brom-cresol purple solution, indicating an abnormal de- 
gree of acidity, there is awakened the suspicion of bacterial acid 
production, the presence of formaldehyde, overheating, or the 
presence of added acid salts; or the hghter color may be due to 
a high percentage of milk-fat. Which of these indications is 

correct is determined as follows: A direct count of the number of 
bacteria is often sufficient. If this fails to show the presence of 
excessive numbers of bacteria, then a test should be made for the 
presence of formaldehyde, and if this is not present, the percent- 
age of milk-fat is determined; and, further, in order to see if the 
light color is due to overheating, the determination of carbon 
dioxide should be made and Storch’s test may also be applied. 


McCrudden’s** Colorimetric method for determining hydrogen 
ion concentration.—This method is primarily for use in bacterio- 
logical work. . 

Standard solutions: Prepare ‘‘tenth molecular solutions of 
KH,PO, (13.62 grams potassium phosphate, monobasic, anhy- 
drous, Merck’s reagent, to the liter) and Na,HPO, (14.21 grams 
sodium phosphate, anhydrous, Merck’s reagent, per liter). From 
these the following twelve standard solutions are prepared: 
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TABLE 119. 
pH of Phosphate Solution. 

M M 
‘Cae 10 ec. ¢. i0 pH 

Na,HPO, KAP O; 
8 92 5.8 
12 88 6.0 
19 81 6.2 
27 1B 6.4 
BW 63 6.6 
49 51 6.8 
61 39 | 7.0 
73 27 7.2 
82 18 We 
89 itil 7.6 
94 | 6 | 7.8 
97 | 3 | 8.0 


The Reading.—To determine the hydrogen ion concentration of 
an unknown solution coming within the limits of Py=6.8 to 8.2, 
add to it five drops of a 0.03 per cent solution of phenol red and 
compare the resulting color with that obtained by adding the same 
amount of indicator to 5 ec. of each of the standard phosphate 
solutions diluted with 10 ec. of water. Between the limits Py= 
5.8 to 6.8 the indicator brom-cresol purple—five drops of a satur- 
ated solution—should be used. (The statdard solutions with in- 
dicator in them will keep several weeks if tightly stoppered.) 

The Comparator.—The color comparison can be made in large 
clear glass test tubes. To overcome the effect of turbidity, such 
as occurs in bacteriological media, the unknown solution is di- 
luted to a moderate extent, say to three times its volume, and the 
test tubes are arranged in a device called a comparator. The 
device consists of a block of wood containing 6 perpendicular 
holes large enough to carry the test tubes. Three other holes are 
then bored horizontally through the block from side to side, so 
that one can look right through each pair of test tubes in series. 
When the solutions are arranged as indicated in each case the 
light reaching the eye has passed through solution containing 
indicator and solution containing turbidity. In the ease of the 
unknown, one solution contains both turbidity and indicator; in 
the case of the standards the turbidity and indicator are in sepa- 
rate solutions. 
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Adjusting reaction of culture media. Most bacteria grow best 
in media whose py lies between 7.2 and 7.6. To adjust media to 
any desired hydrogen ion concentration N/10 alkali is added drop 
by drop to five ec. of the somewhat diluted media containing in- 
dicator until, as shown by comparison with the standards, the 
desired hydrogen ion concentration is reached. From the amount 
of alkali required for five cc. the amount needed for the whole 
batch of media can then be calculated. Sterilization of the media 
shifts the py about 0.2 toward the acid side. Allowance should be 
made for this. 


Clark and Lubs Table.*® 


Range pH 
By anOlep ier (ACO LANOG) 6 dics sc, vklan ses a acsigvecs wn eo 1.2—2.8 
wivamot blue (alkaline range) ....... ha esse eee nen 8.0—9.6 
Eto TMOCHO LOO IILCT, © ects sld say dnieres oA tok ee oath ay Soe 2.8—4.6 
VL QUANTA SRE EG SA Re Reg Os eo ee ea 4.46.0 
| RGTOSIIMIREG bm ts a ai aR ee ean 4.8—6.4 
EOC CC Ole IT OIE cnet tie pele Gae ee avails, 3 Gale 4 ews Sus 5.2—6.8 
Ra VAITO UM OMELEY Eyres, Soe Ware bs te wiS wa Sie, 6 os, Shave wale 6.0—7.6 
1G NONE EC IAS Btn OA ee Pa One 6.8—8.4 
ere EPC ete eee cers a ol val ie Career tales Aa oe typre ee oe 7.28.8 
Memeo met) Lip ly LON Marre CY nen yokes, iene ystems ae as ON TCS Sete EXE oS 8.2—9.8 


The indicators in either powdered form or stock solution may 
be purchased from chemical supply houses. 

Thymol blue may be made up for use in .04% solution. Its 
color change is from red to yellow in the acid range and from 
yellow to blue in the alkaline range. 

Brom-Phenol blue is made up to .04% solution. Its color 
change is from yellow to blue. 

Methyl red is made up to .02% solution. Its color change is 
from red to yellow. 

Brom-cresol purple is made up to .04% solution. Its color 
change is from yellow to purple. 

Brom-thymol blue is made up to .04%. solution. Its color 
change is from yellow to blue. 

Phenol red and cresol red are made up to .02% solutions. 
Their color change is from yellow to red. 

Cresol phthalein is made up to .02% solution. Its color change 
is from colorless to red. 
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CHAPTER XVIII 


THE PURPOSE AND ADVANTAGE OF THE 
VACUUM PAN IN THE DAIRY 
INDUSTRY 


The use of the vacuum pan in the dairy industry dates back 
to the invention of Gail Borden to whom patent was granted in 
1856. The historical side of the milk condensing industry is ably 
discussed by Prof. O. F. Hunziker, in ‘‘Condensed Milk and Milk 
Powder,’’ to which the reader is referred. 


The purpose of the vacuum pan in the dairy industry is 
primarily to remove water from dairy products, thus making it 
possible to manufacture a new class of products. The advantages 
derived by evaporating in vacuo as against evaporating in the 
open air are numerous, the principal of which are the following: 


(a). The Economic Advantage. To evaporate one pound of 
water in the open air, starting with a temperature of 32° F. re- 
quires the expenditure of 1146.6 B. T. U. To remove the same 
amount of water under vacuo at 140° F. requires the expenditure 
of only 1123.3 B. T. U., or a saving of 2.03 per cent in heat units. 

(b). The rate of evaporation in vacuo is very much greater 
than in the open air, due to the fact that the boiling point de- 
creases with lowering pressures. This is illustrated best by 
reference to Table 120, which is based upon the table by 
Hunziker! entitled: ‘‘Boiling points of water at different 
vacua.’ The last column in Table 120 is based upon a careful 
experiment the object of which was to determine the rate of 
evaporation under different vacua. Under good conditions of 
practical operation it is usually possible to evaporate about 30 
pounds per hour, per square foot of heating surface in the vacuum 
pan. Under the vacuum usually obtainable in practice, namely, 
about 26 inches of mercury as shown in Table 120 and upon the 
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TABLE 120. Relation Boiling Points Vacuo and Rate of Evaporation. 


Pounds of water 


pia, | Yepaanae | giants | mangzin | sngzine | Sou prt 
square inch column column degrees F. degrees C. surface. 
Bass ara 
ARS LU mo rete ee | clare eeheks 212.00 100.00 8.2 
14.010 1.42 36 209.55 98.5 9.4 
13.015 3.45 88 205 . 87 96.8 11.0 
12.015 5.40 139 201.96 94.3 13.0 
11.020 7.52 191 197.75 91-9 14.7 
10.020 9.56 243 193.22 89.5 16.5 
i: 9.020 11.60 295 188 . 27 86.75 | 18.2 
8.024 13.63 346 182.86 83.7 20.0 
“4 7.024 15.67 398 176.85 80.5 Pall if 
6.024 17.70 450 170.06 76.8 23.4 
5.029 19.74 502 162.28 72.5 25.2 
“ 4.029 21.78 553 153.01 67.2 27.0 
3.034 23.81 605 141.52 60.8 28.7 
2.034 25 .85 657 126.15 52.3 30.2 
- 1.040 27 .88 | 708 101.83 38.7 Not determined 
. 980 28 .00 712 100.00 37.8 rs 
a 735 28.50 724 90.00 32.2 ¢ 
544 28.89 734 80.00 26.7 - 
402 29.18 741 70.00 Pall Ah ss 
2 294 29.40 747 60.00 15.6 a 
216 29.56 751 50.00 or 0 c E 
162 29.67 754 40.00 4.4 “ 


127 29.74 756 S200 |e cuell ees cae teete 
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graph under Fig. 160, the quantity of water possible to evapo- 
rate per square foot of heating surface, decreases rapidly with 
a decrease in the vacuum. In other words, it would take nearly 
four times as long to evaporate the same amount of water at 
air pressures than under 25.85 inches of mercury vacuum. 


s a Tee cer git icheds es CLT Se {li ; hap athel | 


Senegeeeeaueee EH CEE EH FEEEEECEE saauaga! : Ht HEH 
a s i CI F HELE i ne sanaaaeeeeaa! s : rH t 
Bescaean Ht ‘2 EEE Hh HEE Ht Ht as8 t 
aX : ~ oh ae : — ssi aeceeaitssii HSS : Seine : 
S . sepeEEGRESESESREEE! HH : PEEL HEHEHE gonsestesseaibsstatie 
S HA fie STSESSTSETauaa HY ivesbadasarerseeates ba 
t ee a een 
ne] ny 4 rH sea ft + Sueeeaee nueee BOURSRReBeE REESE es 
piece ieee Heed Ee EEE se cies 
tg: aires : ascesae Saf: 
Shea rH Hit | seesssaassacsaaaaa! rH s 
Yi sete HiT HiHiiiae Hat 
H i : ae t i Ht t 
ss 4 Ht Hs rH al ECE T HE + t Ht 
SEH H + FE : 
EERE = 
= a aeeee Te H4 Ht rH eta me ce deste t : ve it Ht a +H H 
aon mt CAA (1 u Raneeesnee ; a + 
S Er ah eesuse cat at nL TE Eee EE ie 
SE FEEEECTTHEEEEEH reethiae titer einstein eine a S Hite 
sire HE IGTE atexetebet ler ie Eee atone deeaatetantneeenaeetacetee teeta tat 
SSH eee eAp i Fete Ey aa th 
LBS. WATER EVAR 


FEES 5 PEPE att gugse Suacasugae 

jeeseouaceats HH Lf A ese EEEEEEEEE EH 

PER HOUR PER SQFT. OF HEATING SURFACE 

Fig. 160. Pounds of Water Evaporated per Hour per Square Foot of Heating 
Surface, Under Different Pressures in the Vacuum Pan. 


(c). The greatest advantage is probably the fact that under 
vacuum the various constituents of milk undergo no changes in 
flavor, color or chemical composition, owing to the low tem- 
peratures employed, and the short time necessary to hold the 
milk under heat during the condensing operation. It is these 
advantages that have made it possible to manufacture and market 
many new products of great commercial importance, that were 
unknown before the advent of the vacuum pan in the dairy in- 
dustry. 


DESCRIPTION OF THE VACUUM PAN. 


Many different types of vacuum pans are upon the market, 
and in use. The reader is referred to ‘‘Condensed Milk and 
Milk Powder’’ by Prof. O. F. Hunziker,’ for a description of 
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these various types. For the purpose of enunciating principles 
the Mojonnier type of vacuum pan is the only one explained 
herewith, and illustrated under Fig. 161. 


HANDHOLE 


NACUUM GAUGE 
AIR BRAKE 


MANHOLE & 
PEEP SOLE 


VACUUM LINE & 
CONDENSATION 
DRAWOFF 


‘ STRIKING CUP 
STEAM COILS ™~ 


© Bh MILK DRAW-OFF COCK 
JACKET i 


Fig. 161. Mojonnier Type Vacuum Pan. 


All vacuum pans consist essentially of five principal parts, 
together with the necessary control devices. The design of each 
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of these parts has a large bearing upon the subsequent operation 
of the pan itself. These various parts are as follows: 


(a). The Condenser. It is here that the vapors which are 
evaporated from the milk are condensed to the liquid form. This 
should be so designed and proportioned as to remove the in- 
coming vapors in the least time and with the use of the least 
possible amount of water. 


(b). The Dome. This supports the condenser, and upon it 
are usually fastened the majority of the accessories such as the 
manhole, vacuum gauge thermometer, eye glasses, and buttercup 
valve. It should be sufficiently strong to support the condenser, 
and the atmospheric pressure. The opening into the condenser 
should be large enough to permit of the free and ready passage 
of the expanded vapors from the pan into the condenser. One 
pound of saturated steam at 126.27° F. under 25.88 inches of 
mereury vacuum will occupy 173.6 cubic feet as against 26.36 
cubie feet for an equal weight of saturated steam at 212° F. 
The shape of the dome is also a factor in helping to prevent 
entrainment of milk solids into the condenser. The oval dome 
as shown upon the illustration under Fig. 161 is of the proper 
design to help prevent such losses. 


(c). The Waist. This part requires the use of heavy copper, 
in order that it may stand up properly under the work that is 
required of it. A frequent mistake is to make this part too low 
thus making a condition that favors entrainment losses. 


(d). The Jacket. This is supplied either with double copper 
jacket or with the outside jacket made of cast iron. The double 
copper jacket helps to prevent water leakage at the coil joints. 
This is the cause of considerable trouble in the case of pans fitted 
with cast iron jackets, owing to the unequal coefficient of expan- 
sion of the two metals,—that of copper being nearly 50 per cent 
larger than that of cast iron. A deeply dished jacket presents 
many advantages over the shallow type. It makes for greater 
Strength, and it also makes it possible to set the coils low, and 
thus begin the evaporation in a minimum of time. This also 
helps to prevent entrainment losses. 


(e). The Coils. The proper size, quantity and design of the 
coils in a large measure determine the success of the pan. The 
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openings into the coils should be large enough to permit of the 
use of exhaust steam. Coils of the basket type help to keep the 
level of the milk low, thus preventing entrainment losses. The 
spiral shape of basket type coils also permits the water which 
is condensed from the steam to flow out rapidly to the outlet. 


COMMERCIAL SIZES, AND CAPACITIES OF VACUUM PANS IN 
TERMS OF BOTH RAW AND FINISHED PRODUCTS. 
Various sizes of vacuum pans are obtainable, the choice of 
size being governed by the quantity of product that it is desired 
to handle. Table 121 lists the most commonly used sizes. Like- 
wise it gives the approximate hourly rating of the various sizes 
in terms of both raw and finished products. The list is confined 
to the most common of the commercial condensed milk products. 
The ratings are very conservative, and under the most efficient 
operation these can be increased as much as 20 to 25 per cent. 


One example will serve to illustrate the method of calculation 
used. 

Example :—What is the capacity of a vacuum pan, diameter 3 
feet, making sweetened condensed whole milk? Whole milk 
tests 3.43 per cent fat, and 12.0 per cent total solids. Finished 
product tests 8.0 per cent fat, 20.0 per cent milk solids not fat, 
and 46.0 per cent sugar. Pan has capacity to remove 1000 lbs. 
water per hour. 


Solution :— 

28.0 —— .12 = 233.2, lbs. whole milk required for every 100 lbs. 
finished product. 

233.2 + 46 = 279.2, lbs. total products required for every 100 lbs. 
finished product. 

279.2 — 100 = 179.2, water removed for every 100 lbs. 
finished product. 

1000 —- 179.2 & 100 = 5658, lbs. finished product per hour. 


558 XX .28 
12 


Proof :— 
558 X .466 = 256, lbs. sugar. 
1302 + 256 — 1558, lbs. total raw products. 
1558 — 558 = 1000, lbs. water removed per hour. 


=1302, lbs. whole milk per hour. 


Vas 


TABLE 121. 
Capacity per Hour of Various Sizes of Vacuum Pans in Both Raw and Finished Products. 


Pounds Raw Products Used, and Finished Products Manufactured per Hour 
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Finished product testing 


10.0 per cent fat Y =) Yo) N So 
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O4 
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ae 
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Os 
qa . - ee) lon) ie) (ee) a lee) 
‘SE |Whole milk testing 3.6 per cent fat and xo Lar S = i 2 
fat} 12.00 per cent total solids =i oo s [ora) oy = 
b oe 
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L<3 |Finished product testing 28.0 per cent | oO ee) om] ee) [oe] 
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24] milk solids and 74.0 per cent total] 18 S ar S Es Ss 
Oe solids = iol “N AN oD 
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os 
AE 
od N SS oS Ke) =) So 
4 # |Whole milk testing 3.43 per cent fat and S = Ze a) 3 a 
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Diameter of vacuum pan 
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THE VACUUM PUMP. 

Two different classes of vacuum pumps are available: name- 
ly, the dry vacuum and the wet vacuum. In the dry vacuum 
pump the condensed vapors do not discharge through the pump 
as in the case of wet vacuum pump. In the milk condensing in- 
dustry the wet vacuum pump is now almost universally used, 
probably the only exception being experimental plants that desire 
to study the condensation. 


rT 
Nes ; 


Courtesy J. J. Reilly Co. 
Fig. 162. Straight Type Wet Vacuum Pumps 


In turn, there are several types of the wet vacuum pump, 
namely the straight type as illustrated under Fig. 162; the 
erank and fly wheel type, and types that are either belt driven or 
driven by direct attached motors. The choice of type is govern- 
ed entirely by local considerations, the principal of which is the 
unit power cost. The crank and fly wheel type is the most effi- 
cient from the standpoint of steam consumption, but its first cost 
is the largest of any of the common types, and it is bulky and 
occupies much floor space. When the exhaust steam is used in 
the pan, in the end the straight line pump is equally economical, 
and that is the type that is by far the most commonly used. 
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The correct sizes of vacuum pumps to use upon various sizes 
of pans, is indicated in Table 122. This comprises only pumps 
of the straight line type. In the case of 3 feet diameter and 7 
feet diameter pans a choice of sizes is given. At low altitudes the 
smaller sizes will render good service, while at higher altitudes, 
the larger sizes will usually prove to be the more satisfactory. 


TABLE 122. 
Sizes of Vacuum Pumps Recommended for Various Sizes of Vacuum Pans. 


: SIZE OF VACUUM PUMP 2 SIZE OFZVACUUM PUMP 
Si rg nn ize —— 
of. Diameter Diameter Length of Diameter Diameter Length 
vacuum of steam of water of vacuum of steam of water of 

pan cylinder cylinder stroke pan cylinder cylinder stroke 
3/0" We 10” 10” 5” 0” 10” 167 -| 20° 
Ry 0” foul LO 1/97 6’ 0” ‘G4 6” ie 18” 20” 

and 7’ 0” 

3’ 0% fly 1 12” vl! QO” 1 ON 20” 
Ae ous 10” 47 16” 


ee ee ee co a) 


STEAM PIPING UPON VACUUM PAN TO USE EITHER LIVE OR 
EXHAUST STEAM. 


Numerous methods are employed to introduce steam into the 
coils and jackets of vacuum pans, and likewise to remove the 
condensation from the same. Wherever any exhaust steam is 
available this should be used, and the deficiency made up with 
live steam. 

In Fig. 163 a complete scheme of piping is shown whereby 
either live or exhaust steam can be used to operate the vacuum 
pan. The scheme is the simplest and at the same time the most 
satisfactory one possible. Exhaust steam can be utilized to the 
extent of the quantity available. If more exhaust steam is avail- 
able than the pan can utilize, the relief valve will operate and 
permit the escape of the surplus exhaust steam either into the 
open air, or into the feed water heater. If no exhaust steam is 
available, the lower end of the low pressure header can be closed 
with a blank flange. If exhaust steam is used, the coil openings 
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Fig. 163. Piping Scheme Suggested for Connecting a Vacuum Pan to 
Operate Upon Either or Both Live and Exhaust Steam. 


716 Tur Vacuum PAN 


should be large enough to admit the increased volume due to the 
low pressure of the steam. Equal weights of saturated steam 
will occupy about five times more space at 5 pounds than at 100 
pounds pressure. 

At the discharge from the pan single traps are provided for 
each coil and the jacket. Good makes of either thermostatic or 
gravity traps will operate with equal satisfaction. 

The condensation from the trap, in turn, discharges into a re- 
ceiver which is connected to a boiler feed pump, which pumps 
the condensation directly into the boilers as fast as it accumu- 
lates. 

The suggested scheme of piping makes it possible to condense 
the milk with the smallest number of heat units, and with the 
expenditure of the smallest amount of labor. 


Suggested Location of Contro] Devices. 


The location of all the control devices is also indicated in 
Fig. 168. The proper selection and location of these several 
devices will do much to promote the efficient operation of the 
pan. Local conditions frequently make it necessary to modify 
the locations shown. 


RELATION OF WATER REQUIRED IN THE CONDENSER, TO 
THE WATER REMOVED FROM THE MILK IN THE 
VACUUM PAN. 


The quantity of water required to condense the steam vapors 
arising from the milk in the vacuum pan, varies under several 
different conditions. Table 123 gives the number of pounds 
of water required in the condenser for every pound of water 
evaporated in the vacuum pan under many different conditions 
of operation. The values given are the theoretical values. In 
practice the total requirements under the same conditions as 
named under Table 123 are about five per cent higher than 
the values given. This statement is based upon the results of 
carefully conducted experiments made to determine this point. 

The method ‘of calculation used is illustrated by the follow- 
ing example :— 

Example :—How many pounds of water, temperature 55° F., 
will be required to condense one pound steam in vacuum pan. 
Water vapors 140° F. Condensation 130° F.? 
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Solution :— 
(a). 140—130= 10, B.T.U. required to cool vapors to tem- 
perature of condensation. 
966 B.T.U. required to evaporate one pound of water in the 
pan. 
966 + 10 = 976, B.T.U. required for evaporation of one pound 
of water. 


(b). 180 — 55 = 75, B.T.U. available per pound water sup- 
plied in the condenser. 
976 ; 
—— = 13.0, pounds water required per pound steam evapo- 
1 rated in the pan. 


The percentage increase in the volume of water required un- 
der various conditions of operation, as compared with water at 
a temperature of 35° F. is given in Table 124. This table is 
based upon the values given in Table 123. One example will 
serve to illustrate the derivation of the table. 


-Example:—With the water vapors in the pan at 140° F., and 
the condenser water at 130° F., 10.3 pounds of water at 35° F. 
are required for each pound of water vapor removed. Using 
water at 55° F., 13.0 pounds are required, per pound of water. 
What percentage increase in volume of water is required at 
55° F.2 


Solution :— 
13.0 — 10.8 = 2.7, pounds increase. 
2.7 divided by .103 = 26.21, per cent increase. 


The following conclusions are based upon the values given 
in Tables 123 and 124. 


(a). The warmer the water entering the condenser, the larg- 
er the volume required. The most efficient use is made of the 


condenser water, when the temperature of the water vapors in 
the pan is maintained at about 140° F. 


(b). The greater the difference between the temperature of 
the water vapors in the pan, and the outgoing water temperatures 
in the condenser, the greater will be the volume of water re- 
quired. 
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The increase in the volume of water required due to the de- 
crease in the temperature of the water vapors in the pan is in- 
dicated in Table 124. This table is based in large part upon the 
results given in Table 123. One example will suffice to illustrate 
the method of calculation used. 

Example :—With the water vapors in the pan at 140° F.; the 
incoming condenser water 35° F.; and the outgoing condenser 
water 130° F., 10.3 pounds of water are required for each pound 
of water vapor removed. 

How much more water will be required if the temperature of 
the water vapors is 135° F. and the outgoing condenser water 
125° F.? 

Solution : 

10.8 — 10.3 = .5, pounds more water required. 
.00 — 10.3 = 4.85, per cent more water required. 

Table 125 shows that the higher the temperature of the 
water vapors in the pan (not exceeding 140° F.) the less the 
quantity of water required in the condenser. This rule applies 
regardless of the temperature of the incoming water. 


TABLE 125. 
Percentage Increase in Volume in Excess of Water Required When the Pan 
Temperature is 140° F. In All Cases the Differénce Between the Incoming 
and the Outgoing Condenser Water Temperature is 10° F. 


Temperature Temperature (F) Steam Vapors in Pan 
(F) water 
entering 1B” 130° 125° 120° 
condenser Per cent Per cent Per cent Per cent 
BS 4.85 11.65 18.44 26.21 
Ao 6.09 13.04 20.87 30.43 
Doe 6.92 15.38 25.38 36.15 
65° 8.67 18.00 30.00 44.66 
(ow 10.17 22.60 37.85 57.63 
85° 12.44 28.57 49.77 79.72 
95° 17.20 39.78 74.91 133.33 
105° 25.13 66.92 152.82 400.51 


STEAM REQUIRED TO CONDENSE MILK IN THE VACUUM PAN. 


The total heat units required to condense milk is the sum 
of the heat units required to forewarm the milk in the hot wells, 
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plus the heat units required to evaporate the water in the vac- 
uum pan. This will vary under several different conditions, the 
principal factors causing variations being, (a) the type of hot 
wells, or method of preheating used; (b) the type, efficiency, and 
general operating condition of the pan used; (c) the temperature 
and the composition of the product that is to be condensed; (d) 
the temperature of the steam used both at the hot wells and in 
the vacuum pan. 


Type of hot well. As described in Chapter XIX, the two 
types of hot wells in general use are the plain and the 
jacketed. In the plain type the heating of the milk is accom- 
plished by introducing live steam directly into the milk. In 
the jacketed type the heat is transmitted to the milk through the 
jacket, in which case no steam needs to be condensed directly 
into the milk. It is sometimes the practice however, to heat the 
milk through the jacket up to about 180° F., and then to com- 
plete the heating up to 210° F. by means of both the jacket and 
live steam introduced directly into the milk. 


Table 126 shows the amount of steam condensed into milk at 
various initial temperatures, heated to both 140° F. and 210° F., 
and using steam of various pressures, in plain type hot wells. 
The percentages indicated in the table prove plainly that this 
is a considerable factor in the efficient operation of a vacuum 
pan. The figures given apply only to whole milk of the test 
indicated. The values will vary with the specific heat of the 
product that is being heated in the hot well. In the case of the 
fresh milk covered by the table, the specific heat was calculated 
at 0.935. 


Table 127 gives the pounds of steam required both to fore- 
warm and condense the raw materials necessary to make one 
pound of various condensed milk products. The values are given 
covering various conditions of operation, particularly with re- 
gards to method of forewarming employed. The table also gives 
the pounds of steam required, per pound of water evaporated 
out of the fluid milk, together with the percentage increase in 
the use of steam when using plain type, instead of jacketed type 
of hot wells. 


Sie, KSI IGt° 02 FT SSI" 02° FI SCs 16 G 690° 60°9 £90" vI9 vS0° 008 
08 ST 6E1° 9¢ OT WL 9¢ OT ae C62 020° 60°8 610° G08 6L0° 009 
0€ 81 S91 60°61 89r” 60°61 89T° FE OL 160° LS OT €60° 89 OL F60° o GE 
TUL TUL : 
¥[tur jo aM yrur jo Fae Sf FOL oO a yur jo aon [Tur jo ue >in ue iy 
ao eal sonoma || ouowne We oye SUL Peo | Sur 202) o°| ouout foot | eco 
% 19}8M UI Be a J9}8M Ul ar I9}@M UI Z ar I9}8M Ul a 10V@M UI Badan 10}V@M UL Pe 
ae asBo10Ul Loe ake 9SBO1OUT ee OSVaIOUL ene aSB910UL Dare aSBOIOUI sede osval0ul aot = 
s 93% uU90 ureois 938)U90 ureeis 9387000 ures 9381000 urvais 93810900 reels 93% ]U90 ureeis 
-19g sq] -19g “sq -10g sq’ -19g “Sqr -19q “Sq’] “19g ‘sq'T yr 
oO 
< ajoym 
= 
qn “ST OOT Sq] OT Sq] ¢ Sq] OOL *Sq] OT “Sq ¢ jo 
eH ‘dura, 
ainsseid UIve4g einsseid wive}¢ 
“A oO1G OF pozyVoy ANA “A oOPT OF PezBey ATMA 
“HILT FO JU9JMOD IoJeM UI osvaINUy a3vj]Ud0I0g OS[y : 
‘STIPM JOH Urelg Suisy ‘Ajaatjedsoy “y .O1S PUL “A OPI 0} poIweH yory pue ‘seinjeiodmay, snowed oy} JO "S°], }Wa9 
Jd OVI PUP eT }UID Jaq OG BUI}SeT HW 04M JO punog ouQ OUT pesuapuoD ‘soInsselg snolIeA je WAS jo spunog 
N 
N 
N 


‘9@l ATAVL 


STEAM REQUIREMENTS 725 


The method of calculation employed, to arrive at the values 
given, in the table, was as follows :— 


(1). To find steam required to forewarm using plain hot 
wells :— 


[(210 — _ 60) 4 0.935] < 2.179=.144, pounds 

(forew. tem- (milk (sp. heat (conden- steam to 

perature F.) temp. F.) milk) sation) forewarm 
in plain 
wells. 

1151.5 — 179 
(5.1. Upimsteam (5. 1. Us im water 
at 5 lbs.) at 210% E) 


(2). To find steam required using jacketed wells :— 
Added 10 per cent to value obtained under (1), for radiation. 
(3). To find steam required to condense using plain wells :— 


26.65 
—— = 2.179, pounds whole milk required per pound fin- 
12.00 ished product. 


(2.179 — 1.00) + .144 = 1.323, pounds water evaporated. 
1.323 < 966. = 1278, B. T. U. required. 


{ (210—140) x .935] < 2.328 = 152, B. T. U. in milk after 
forewarming. 


1278 — 152 
1151.5 — 151.5 


== 1.126, pounds steam required to con- 


dense using plain hot wells. 


(4). To find steam required to condense using jacketed hot 
wells. 


26.65 
12.00 

1.179 < 966 =.1139, B. T. U. required. 
1139 — (2.179 * 65.45) 
1151.5 — 151.5 


condense using jacketed hot wells. 


— 1.00 = 1.179, pounds water to be evaporated. 


= .996, pounds steam required to 
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CALCULATION OF WATER, STEAM, FUEL 725 


RELATION OF GAS, OIL AND COAL CONSUMPTION TO 
STEAM PRODUCTION. 


It is frequently desirable to know the relation between the fuel 
supply, and the steam produced in the boiler. Obviously this is 
open to wide fluctuations, the principal factors causing varia- 
tions being the kind of fuel; type of boiler used; quality of the 
water supply, and especially the efficiency of the methods of firing 
employed. Due to these variables there is a wide gap in practice 
between the theoretical and the actual steam production. Table 
128 shows the above relations in the case of several of the most 
common American fuels, giving the steam produced at pressures 
of 5, 10 and 100 lbs. each respectively. Obviously the practical 
values given are only approximate, but yet they are accurate 
enough to serve as a practical guide. 


TO CALCULATE THE WATER, STEAM AND FUEL REQUIRED 
TO OPERATE A VACUUM PAN. 


It is frequently necessary to know, both for purposes of 
figuring costs, and for properly coordinating equipment capaci- 
ties, the water, steam and fuel necessary to condense milk into 
various products. The information given in this chapter is suf- 
ficient to permit anyone to arrive at these values quickly and 
easily. 

The following example will illustrate the principle of the eal- 
culation, and the same can be applied to any dairy product. 

Example :— Wanted to condense 10000 lbs. skim-milk testing 
8.80 per cent total solids, into sweetened condensed skim-milk 
testing 28.00 per cent milk solids and 42.00 per cent sugar. 

Pan vapors 140° F. Condenser water 120° F. Plain hot wells 
used. Water at 55° F. costing 6 cents per 1000 gallons. One U.S. 
gallon of water weighs 8.345 pounds. Hocking Valley bituminous 
coal used costing $6.50 per ton. Find quantity of water and 
coal required. 

Solution :— 
(a). 10000 x 8.80 = 880, pounds total solids in skim-milk. 
880 —- .28 = 3143, pounds finished product possible to 
make. 
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TABLE 128. 
Relation of Fuel Consumption to Steam Production. 


THE VACUUM PAN 


Pounds of steam produced by one unit 
of fuel starting with water at 32° F. 
and ending with steam at pressure 
indicated. 


Producer gas 


Coaligaswiss wa oe kee 


Cruder@ile@ alia eter 


Crude Oil, Texas........... 


Crude Oil, residium........ 


Anthracite, Northern field.. 


Semi-anthracite, 
Woyal sac kereee ree terete 


Semi-bituminous, 


Bituminous, Pittsburgh, Pa. 


Bituminous, 


Hocking Valley, Ohio... 


KIND OF FUEL Unit Barras ae 
ical Practical 
100 Ibs. | 100 Ibs. | 10 Ibs. | 5 Ibs. 
Natural gas, Ohio.......... Cuntt: 1020° 86} .65| .67| .67 
Natural gas, Pa............ Cu. ft. 1073° 91 68] .70 67 
weet... BA sal 5 Cus fee 145° 12 09)  .09 09 
Cu. ft. 599° 51 38]  .39 39 
Pound 
Sp. Gr. 0.966] 18667" |} 15.75] 11.81] 12.11] 12.15 
Pound 
Sp. Gr. 0.924] 19060° | 16.09] 12.06] 12.37] 12.41 
Pound 5 
Sp. Gr. 0.860] 19200" | 16.20] 12.15] 12.47] 12.50 
Pound 13160° | 11.11] 7.78] 7.96] 8.01 
Pound 13920° | 11.75] 8.23] 8.44] 8.57 
Pocahontas, W. Va....... Pound | 15070° | 12.70} 8.89) 9.12] 9.15 
Pound 13410° | 11.31] 6.79] 6.97] 6.99 
Pound 12130° | 10.24] 6.14] 6.30] 6.32 
Pound 11030° 9.31] 5.12] 5.25! 5.27 
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3143 X .42 = 1320, pounds sugar required. 
10000 — (3143 — 1320) = 8177, pounds water removed 
from skim-milk. 
(b). 8177 X (15.2 + 8.345) = 14896, gallons water required. 
14.896 & .06 = $.89, cost of water. 
(ec). 3143 & 3.398 = 10679, pounds of 5 lb. pressure steam re- 
quired. 
10679 -—- 6.32 = 1690, pounds, or .845 ton of Hocking 
Valley coal required. 
(d). .845 * $6.50 — $5.49, cost of coal. 


THE OPERATION OF THE VACUUM PAN. 


The operation of the vacuum pan and its practical application 
in the manufacture of various condensed milk products is con- 
sidered here. The discussion includes methods recommended in 
forewarming as well as other steps comprised in the complete con- 
densing operation. 


1. TO FOREWARM AND CONDENSE WHOLE MILK AND SKIM- 
MILK, BOTH PLAIN AND SUPERHEATED. 

(a). Forewarming or Heating in the Hot Wells. 

The forewarming operation is of very great importance as 
affecting the finished product. The influence of this operation 
is frequently neither properly understood nor properly appre- 
ciated in practice. 

In the manufacture of sterilized evaporated milk the fore- 
warming operation requires constant daily watching. The 
physical properties of the finished product are influenced very 
largely by the heat treatment given to the whole milk in the 
hot wells. At certain seasons too high a temperature in the hot 
wells raises the coagulating point of the finished product in the 
sterilizers, and thus makes it difficult, if not impossible, to pro- 
duce a product of the proper viscosity. Upon the other hand, in- 
sufficient forewarming lowers the coagulating point to such an 
extent as to make it difficult, if not impossible, to properly ster- 
ilize the finished product, on account of the excessive viscosity 
produced. The application of the above principles in practice, 
gives the processor one means for keeping the finished product 
under control. 
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The above principles are also applied in the manufacture of 
superheated products, where the aim is to obtain all the viscosity 
possible up to the point where the product still remains smooth, 
and free from lumps. 

The range of forewarming temperatures in the case of ster- 
ilized evaporated milk, either whole or skim, is from 140° F. to 
210° F. When as low a temperature as 140° F. is used, care 
must be taken to provide a safe sterilizing record. ‘Under some 
conditions heating to 210° F., shutting off the steam, and heating 
again to 210° F. after a lapse of two to five minutes, may prove 
beneficial, but when this practice is followed, there is danger 
of producing a product too high in color. This latter trouble can 
be prevented to a considerable extent by reducing the sterilizing 
time and temperature to a minimum. 

The range of forewarming temperatures in the case of super- 
heated products is from 140° F. to 160° F. Obviously in these 
products the aim is to control the operations in such a way as 
to produce a high final viscosity. 

When using the plain type of hot well, the steam should be 
introduced into the milk at a pressure not to exceed ten pounds. 
Higher steam pressures are liable to cause chemical changes in 
the finished product. The steam line leading into the hot well 
should be fitted with an oil separator to remove any oil or water 
that might be contained in the steam. 

The forewarming should be so timed that the pan will be 
ready to receive the milk as soon as it has reached the desired 
temperature, in the hot wells. 


(b). To Start and Operate the Vacuum Pan. 


Before starting the operator should see that the pan is clean 
and thoroughly steamed; that the water spray in the condenser 
is free from obstructions and that the stop valves upon the coils 
and jackets do not leak steam. 

The air vents are now all closed, and the vacuum pump is 
started up slowly, increasing the speed to 25 or 30 single strokes 
per minute. Open the water valve to the condenser as soon as 
15” to 20” of vacuum are obtained, and the milk in the hot wells 
has reached the desired temperature. The milk inlet valve is 
now opened wide. The milk always rises due to the air in the 
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same when first introduced into the pan. The operator must 
be upon the alert at this point and by means of the vacuum break 
introduce just enough air into the pan to hold the milk down 
to a safe limit. It will take only a few seconds for the pump to 
expel the air, and to obtain the proper vacuum. This result can 
be accomplished by the time the lower coils are covered with 
milk. In addition to introducing air in the pan to reduce the 
milk level, it may sometimes be necessary to close off the milk 
supply, and to shut off the steam for a few moments, until the 
proper vacuum has been reached. 

Sufficient milk should be in the pan, to cover one set of coils 
before turning on the steam. To arrive at the proper amount 
to introduce into the pan, it is suggested to fill one of the hot 
wells with water, to the level at which it is usually filled with 
milk. The water is now drawn into the pan until the lowest set of 
coils are all covered, and the new level upon the hot well is suit- 
ably marked for subsequent guidance. The above procedure will 
insure knowing just when the right amount of milk is in the pan 
to permit turning on the steam without danger of baking milk 
upon the coils. There is no other satisfactory way of doing this, 
owing to the foamy condition of the milk, in the pan. 

When turning on the steam, open the jacket valve first; then 
the lowest coil, and the remaining coils after a lapse of three 
or four minutes. 

Whenever possible the condensing should be done with ex- 
haust steam. If insufficient exhaust steam is available to do all 
the condensing, the amount available should be utilized, and the 
shortage made up with live steam. Every well installed pan 
should be fitted to use either exhaust steam, live steam, or a com- 
bination of the two, when both are available. 

Simple devices are available for controlling automatically the 
pressure upon the steam header. 

The efficiency of exhaust steam for condensing purposes is due 
to its latent heat, thereby giving it a large number of available 
heat units, with a relatively low temperature. The higher the 
steam pressure the higher the temperature of the steam, without 
an increase in heat units proportional to the increase in tem- 
perature. These facts are of great moment in condensing milk. 
The higher the steam temperature, the greater the danger of the 
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milk baking upon the coils, and also the greater the danger of the 
product being dark in color. It is not good practice to crowd 
the capacity of the pan by increasing the steam pressure inside 
the coils and jacket. The correct practice is to operate at moder- 
ate pressures, and within the ratings of the pan. 

Table 129 gives the available heat units and the temperature 
of exhaust steam, and of steam at various pressures. 


TABLE 129. 
Available Heat Units, Volume and Temperature of Steam at Various Pressures.’ 


Pressure in 


meade be Tempers ol eee ee 
above nee 4) «Deere Frail eeenet ey ogee eek nee Moe cae 
ete a 212.00 26.36 180.9 965.7 1146.6 
a 3 213.03 26.14 181.8 965.1 1146.9 
i" 2.0 219.00 23.65 187.8 960.9 1148.7 
Bats 223 .47 yA ahs) 191.9 957.8 1149.7 
ss 5 227 .05 19.54 196.0 954.0 1450 0 
246 239 .32 15.90 208.4 » 945.5 1153.9 
i 25 266.65 10.29 235.9 926.3 1162.2 
40 286 .53 7.66 255.9 912.8 1168.7 
100. 337 .66 3.76 bale 876.1 1184.6 


It is evident from the data contained in the above table that 
with a pan of proper design,—that is, one that contains the 
necessary heating surface, and amply large openings into the 
coils and jacket, every advantage is gained by using low pressure 
steam. Five pounds should be the maximum under proper oper- 
ating conditions. 

_The same pressure should be carried upon the coils and the 
jacket. The steam in the jacket causes the milk to ‘‘kick up’’. 
That in the coils causes it to ‘‘roll’’, and to drop back towards 
the center of the pan. 
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The level of the boiling milk should be not more than half 
way up the waist. The milk intake cock should be so adjusted 
that the milk will condense about as fast as it is drawn into 
the pan. 


The milk should test near the end of the run, and before 
lowering the steam pressure, from 5 to 10 points lower upon the 
hydrometer than the striking point desired. Also all the milk 
from the hot wells should be in the pan before turning off the 
steam. This will help to obtain a more correct hydrometer 
reading. 


The best pan temperature to maintain upon plain condensed 
milk is from 122° to 140° F. The best method is to maintain the 
temperature near 140° F., throughout the run until the finishing 
point is nearly reached. At this point the temperature can be 
dropped to about 120° F. by reducing the steam pressure. This 
will make for greater accuracy in arriving at the end point. Be- 
low 122° F.. the evaporation becomes too slow, while above 140° F. 
the evaporation also becomes slower, and the higher temperature 
tends to produce a dark colored product. While the evaporation 
is proceeding rapidly, the temperature of the water vapors in the 
pan will be the same as that of the milk itself. Near the end of 
the run there may be a considerable difference between the two, so 
that the temperature of the milk itself should be the proper guide 
for the operator, especially when striking the batch. 


If the pan temperature should drop under the point at which 
it is desired to be carried, in order to raise it, the water supply 
should be decreased, and sometimes the steam supply can be 
increased to advantage. A drop in pan temperature as above 
may be due to a decrease in the steam supply, to water being 
carried over from the boilers, or to the condensation being im- 
properly removed from the coils and jacket. 


If the pan temperature should rise above 140° F., the water 
supply should be increased, and the steam pressure decreased. 
A condition of this kind may be caused by air leaks into the pan, 
increase in the steam pressure, without any corresponding in- 
crease in the water supply to the pan, or to the spray pipe in the 
condenser becoming clogged. 
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(c). To Strike the Batch. 


The reader is referred to Chapter XI for detailed information 
as to the specific gravity of evaporated milk under different con- 
ditions, and as to suggestions for striking the batch. This is an 
operation that requires both skill and care. The steam should 
be kept upon the coils and jacket as long as possible, in order not 
to reduce the capacity of the pan. And upon the other hand, 
it should not be kept on long enough to over-condense the milk. 

Usually the time method can be used to good advantage to 
aid in arriving at the striking point. Under this method the 
operator ascertains by experiment just how long it takes to in- 
crease the hydrometer reading one-tenth degree after the milk 
from the batch is all in the pan, and while the full steam pressure 
remains upon the coils and the jacket at a certain pan tem- 
perature. 

Example :— Test desired 6.35 degrees Baume at 140° F. Test 
increases at rate of .10° B. for every minute. 

Preliminary test found to be 6.05° Baume at 140° F. 

Solution: 6.385 — 6.05 = .30, degrees short. 


30 + .10 = 3, minutes additional necessary to operate pan be- 
fore turning off the steam. 
(d). To Finish the Pan Batch. . 


The first step after reaching the striking point is to close off 
the steam valves. If plenty of cold water is available, leave the 
water valve to the condenser open, with the vacuum on, for two 
or three minutes. This will cool the milk in the pan to about 
100° F., and thus it will assist greatly with the subsequent cooling 
of the batch. The vacuum break is now opened; the water valve 
to the condenser is closed, and the vacuum pump is shut down. 
Do not open the draw off valve until the vacuum has been reduced 
to two or three inches. If opened sooner, the manhole cover may 
be blown off, or some milk may be lost. 

The proper handling of the milk immediately after it leaves 
the pan, is of prime importance. Equipment should be on hand 
to cool the product from the pan rapidly and efficiently. 


(e). To Superheat the Batch. 


Superheating both condensed, whole and skim-milk is an old 
established trade custom. Possibly with but few exceptional 
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cases there is but little merit or advantage to this practice, in so 
far as it may improve the quality of the product. The super- 
heating coagulates part of both the albumin and the casein, thus 
greatly increasing the viscosity without increasing the total solids 
in the product. It frequently happens that superheating may 
give an entirely false impression as to the total solids content of 
the product. The modern tendency is to buy milk products upon 
the basis of their fat and total solids contents, together with the 
necessary specifications regarding their essential physical pro- 
perties. The method of superheating given herewith is inserted 
for the benefit of those called upon to furnish such products. 

As already noted, when making superheated products, the 
fluid milk in the hot wells, should not be heated to exceed 160° F. 

Condense the milk in the pan as described above. Strike the 
batch about two degrees Baume higher then necessary to pro- 
duce the total solids desired. The steam condensed into the milk 
in superheating should not dilute the milk under the standard 
desired. Keep the temperature up to 140° F. at the time of 
striking. The steam from the coils and the jacket is now turned 
off, and the vacuum pump is shut down, but the vacuum is allow- 
ed to remain in the pan. The superheating steam valve is now 
opened wide, using full boiler pressure up to 100 pounds. Lower 
pressures will unduly prolong this operation. Obviously as the 
temperature of the milk rises, the vacuum in the pan decreases. 
The superheating is continued until the milk reaches a temper- 
ature of 180° F., and the vacuum has reached about 13”. The 
end temperature has to be varied depending upon the concentra- 
tion, and the condition of the milk. Obviously milk of higher 
concentration will reach the desired viscosity in superheating at 
a lower temperature than milk of lower concentration. Like- 
wise milk of high acid content will superheat much more rapidly, 
and at lower temperatures, than milk of low acid content, or 
than milk with low coagulating point due to causes other than 
the acidity of the same. Likewise milk with high coagulating 
point, has to be superheated at times, as high as 190° F., before 
obtaining the desired viscosity. 

The end point in superheating is found by sampling at the 
striking cup. If the superheating is carried too far there is 
danger of ‘‘cracking’’ the product. That is, of coagulating the 
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casein in lumps, so that the product loses its smooth, velvety ap- 
pearance. This can be avoided by care and experience, and if 
by chance the superheating has been carried too far, the lumpy 
condition thus produced can be overcome by running the product 
through the homogenizer. But of course the preventative is bet- 
ter than the cure. The superheating operation consumes con- 
siderable time, requiring about 30 minutes for about 5000 pounds 
of finished product, upon the proper size of pan. 

When the desired viscosity has been obtained, the super- 
heating valve is closed; the vacuum pump is started; and the 
water is turned on in the condenser, very slowly at first. The 
batch is now cooled in the pan to at least 140° F., — preferably 
to 120° F. before dropping it out of the pan. 

On account of its viscous condition, superheated condensed 
milk is one of the most difficult of all dairy products to cool. 
The proper cooling of this product requires the use of equipment 
well designed for this work, and the use of cooling mediums of 
low temperature. 

The product should be tested for fat and total solids while the © 
batch is being cooled, and the materials necessary to use for 
standardizing should subsequently be added, cooled and mixed 
with the balance of the batch. 

(f). Precautions in Pan Operation. 

The efficient operation of a vacuum pan is influenced by sev- 
eral conditions that should be well understood by every pan op- 
erator. 

The following are the most important of these conditions: 

Condition of Heating Surfaces. Two conditions may exist 
to decrease the efficiency of the heating surfaces. 

The outside of the coils and the jacket may become coated 
with coagulated milk. This condition is caused by the use of 
too high steam pressure; by the presence of water inside of the 
coils; by condensing milk too high in acidity; by turning on 
steam before the heating surfaces are all covered; by condensing 
too many batches before cleaning the pan, and by careless, im- 
proper cleaning of the pan. The layer of milk acts as an insu- 
lator, and greatly hinders the transmission of the heat from the 
steam to the milk. Under good operation the above difficulties 
ean be readily eliminated. 
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The inside of the coils and the jacket may become partly or 
completely filled with water, due to improper methods of trap- 
ping off the condensation; improper coil or jacket construction, 
or the use of steam containing much water condensed into it. 
The coils should be designed to completely and rapidly carry off 
the water as soon as it forms. The water also acts as an insu- 
lator, and prevents the transmission of the heat from the steam 
to the milk. 

The two conditions described above are graphically illustrated 
under Fig. 164. These conditions greatly reduce the capacity 
of vacuum pans, and to a lesser extent cause the use of increased 
amounts of both steam and water. 


WALL OF COPPER TUBE 
CONDENSED STEAM 


WALL OF COPPER TUBE 
CRUST OF MILK SOLIDS 


Fig. 164. Factors That Influence Heat Transmission. 


Air Leaks Into Pan. If any considerable amount of air should 
get into the pan, while under operation, the milk intake valve 
should be immediately shut off. As soon as the air enters the 
pan, the milk will cease boiling, and it will appear motionless 
upon the bottom of the pan. Just as soon as the vacuum pump 
begins again to remove the air and to form vacuum, the milk 
will immediately get very wild and foamy. Great care must be 
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exercised by the operator at this moment. Just enough air 
should be introduced through the vacuum break to keep down the 
milk in the pan until the proper vacuum has been regained. The 
steam can be then gradually turned on the coils and jacket. The 
- steam should be shut off from the coils and the jacket just as 
soon as the above condition is discovered. If this is not done, 
the heating surfaces will soon become coated with milk. 

Large air leaks into the pan are caused principally by the 
water supply tank becoming dry; to the accidental breaking of 
an eye glass; to the emptying of a hot well without closing the 
milk intake valve; or when jacketed hot wells are used, to air 
being drawn in through the ‘‘whirlpool’’. This last named con- 
dition can be simply and easily prevented by a small device used 
for that purpose. 


Fig. 165. Device for Breaking Whirlpool in Jacketed Hot Well. To Be 
Inserted in Discharge Opening. 


Influence of Bicarbonate of soda. 


If bicarbonate of soda is added to thé last portions of milk 
remaining in the hot wells, and just before drawing into the 
pan, this will cause the milk in the pan to become very wild and 
foamy, due to the excessive amount of carbon dioxide generated. 
Under these conditions great care must be exercised by the op- 
erator, and the milk should be drawn into the pan only as fast 
as the vacuum pump can expel the gas. | 

When necessary to use bicarbonate of soda, this should be 
added to the milk in the hot wells before any steam has been 
introduced into the milk. Under these conditions a large part 
of the gas will be eliminated as the milk is being heated, and 
before it enters the pan. 

Cleaning the Pan. After the day’s run has been completed 
draw enough water into the pan to submerge all the coils. Allow 
to stand for at least 15 minutes, or if time is available, as much 
as several hours. Empty and clean the pan, taking care that the 
milk is completely removed. 
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The cleaning of vacuum pans and hot wells can be greatly 
facilitated by the use of caustic alkali, properly applied. The 
use of caustic alkali for this purpose originated in Europe, and 
full report upon the subject was made by Dr. Hamilton.’ 
In order to obtain proper results it is necessary to use the right 
concentration of the alkali, and to apply it hot. Devices are 
available for accomplishing this result simply and efficiently. 


The merit of this method is owing to the solubility of coagu- 
lated casein and albumin in even very dilute solutions of caustic 
alkali. Soon after applying the alkali, it becomes possible to re- 
move the coagulated products, which under the action of the 
alkali, have been converted into slimy substances, that are easily 
removed from the heating surfaces. 

In using caustic alkali good judgment must be exercised. It 
should be applied only a few minutes before the cleaning of the 
pan is started, and it should be applied only to the surfaces con- 
taining coagulated milk. Under no condition should the alkali 
be added for any considerable time before cleaning the pan. 
These precautions are necessary owing to the solubility of tin 
in caustic alkali, causing decomposition of the solder, and thus 
weakening the seams of the pan. 

The final step in cleaning a pan is to rinse the pan freely with 
water, and then in turn to follow up the rinsing with a thorough 
steaming. The pan will thus soon become thoroughly dry, with- 
out any verdigris forming in it. The rinsing and steaming 
should be repeated before starting the pan, the following morn- 
ing. 

Entrainment Losses. By this is meant the solid portions that 
are mechanically carried over into the condenser. These losses 
are caused by improper pan design; by carrying the milk too 
high in the waist of the pan; by careless operation, or by large 
air leaks. The same may be reduced to small proportions by 
careful operation. A good index of entrainment losses is the 
color of the water discharging from the vacuum pump. Even 
slight coloration is an indication of milk solids being carried over 
into the condenser. 

There is also a small loss due to stickage, which is caused by 
conditions already named, all of which can be very largely pre- 
vented, under careful operation. 
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(2). TO FOREWARM AND CONDENSE BOTH SWEETENED 
CONDENSED WHOLE MILK AND SWEETENED 
CONDENSED SKIM-MILK. 


if 


(a). Forewarming or Heating in the Hot Wells. 

The forewarming of the fluid milk in making the above pro- 
ducts is subject to many differences in practice. In some cases 
the heating is carried only to 140° to 160° F. This method has 
the advantage of giving the finished product a minimum amount 
of color. It has the disadvantage of not reducing the bacterial 
flora as much as is usually desirable. It may have the further 
disadvantage of not dissolving the added sugar, as completely as 
it should be. The more common and the preferable practice is 
to heat the fluid product-up to 200° to 210° F. If the heating 
is done carefully, a finished product can be produced that is of 
very satisfactory color, and at the same time the disadvantages 
of the first method named can thus be largely overcome. 

It is recommended that no sugar be added to the first hot 
well in making up a batch. The total sugar making up a batch 
can be divided between the remaining hot wells, except that the 
final addition of sugar necessary for standardizing the batch ean 
be added to the last hot well. 

Both the plain and jacketed type of hot wells are used in 
making sweetened condensed milk. The operating advantages 
are in favor of the jacketed type, as in the case of unsweetened 
condensed milk. The disadvantage is in the first cost of the 
latter. 

(b). The Operation of the Vacuum Pan Upon Sweetened 
condensed milk. 

The operation of a vacuum pan upon sweetened condensed 
milk, is in all essential respects, the same as in the case of un- 
sweetened products. The principal difference is in the con- 
centration of the two products. 


(c). Striking the Batch, in the Case of Sweetened Condensed 
milk, 

Chapter XII contains detailed information as to the specific 
gravity of different kinds of sweetened condensed milk. Several 
methods for ascertaining the end point, and’ which depend for 
their success upon the judgment of the operator, are sometimes 
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used, but none of these are reliable, and the same should be de- 
pended upon only as an aid, and not as a means. The most 
satisfactory method devised up to this time, is by means of hydro- 
meters, suitably graduated and properly used. 

The striking operation requires skill, speed and care. A vacu- 
um pan seven feet in diameter removes water at the rate of 
about 100 pounds per minute. Near the end of the run, the re- 
moval of this amount of water per minute in a batch of about 
15000 pounds of whole milk, would increase the total solids at 
the rate of one per cent per minute. 


(d). To Finish the Pan Batch when Making Sweetened Con- 
densed Milk. 

Proceed as in the case of unsweetened condensed milk. The 
practice of cooling the product in the pan may be advantageously 
followed, but the temperature is seldom lowered here, under 
AOS A 

Sweetened condensed milk should not be allowed to remain 
in the pan under heat after the batch is done. This will super- 
heat and thicken the product, and in many cases render it un- 
salable. The method of handling the condensed product, after 
it leaves the pan, is fully described in Chapter XII. 

The precautions in pan operation are the same as in the case 
of unsweetened condensed milk, and the operator should thor- 
oughly familiarize himself with every condition requisite for suc- 
cessful operation. 


(e). To Forewarm and Condense Liquid Dairy Products, 
Other Than Unsweetened and Sweetened Condensed Milk 


The vacuum pan can be used to condense any liquid dairy 
product, as well as unsweetened and sweetened condensed milk, 
many of which are of great commercial and economical impor- 
tance. These products can be reduced to a liquid, semi-liquid, or 
solid state. 

Ice cream mix is the most recent product to be added to the 
list, and the process for making this in the vacuum pan is sub- 
ject to patents now pending by one of the authors® and one of his 
brothers By this process a superior quality of product can be 
obtained, besides the numerous economic advantages. The tem- 
peratures during no part of the operation are allowed to exceed 
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140° F., so that the natural flavors are fully retained. The 
temperature used in condensing the mix is the same as that used 
in pasteurizing, therefore the pasteurizing and condensing are 
combined in one operation. The principles involved are the same 
as in the case of other dairy products. The whole milk, butter 
or cream, sugar and the gelatin are all added in the hot wells, 
and condensed together in the vacuum pan. The striking point 
varies obviously with the composition of the product being 
manufactured. The specific gravity of different ice cream mixes 
is given in Chapter XIII. 


Condensed buttermilk is a product of growing commercial 
importance. It is condensed to a semi-paste condition. The 
heavy viscosity is due both to its concentration, and to slightly 
superheating before drawing it out of the pan. The usual 
method is to add a special culture and hold until about two per 
cent of acidity develops; then to heat the buttermilk in the hot 
wells at 145° F., to condense at the pan temperatures usually used 
in the case of unsweetened condensed milk products, and finally 
to superheat in the pan to 160° F. It is run while hot, directly 
into shipping barrels, and it is cooled after being barreled. The 


specific gravity of this product at various concentrations is given 
in Chapter XIV. 


Malted milk is an American product of world wide distribu- 
tion and of considerable commercial importance. It is finished 
in a special pan wherein it is reduced to a dry state, before 
removing it from the pan. 


® 


Whey used to make milk sugar can frequently be condensed 
to a semi-liquid or dry state before shipping to a central refining 
plant. The advantage is in the superiority of the product, and 
the saving in transportation charges. 
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CHAPTER XIX 


EVAPORATED MILK 


ITS STERILIZATION AND PHYSICAL AND CHEMICAL CONTROL. 


In plants manufacturing evaporated milk, the proper steriliza- 
tion of the product is one of the most important of the operations. 
Conditions that affect sterilizing time and temperature vary great- 
ly over the course of the year, and frequently from day to day. 
Unless the factors that affect sterilization are properly under- 
stood and in turn applied in daily practice, the product will be 
irregular in its physical properties or it will be both irregular and 
develop spoilage after manufacture. 

The ideal aimed at in this chapter is to recommend methods 
and processes for sterilizing evaporated milk whereby the phys- 
ical properties of this product, namely the viscosity, flavor and 
color, can be kept uniform at all times and under all conditions ; 
and at the same time insure proper sterilization so that spoilage 
will be entirely eliminated. To insure these results operations 
going back to the farms need to be understood and closely 
watched from day to day, and the knowledge thus gained ap- 
plied in daily practice. The two-fold purpose of sterilization 
should be kept in mind at all times. First, to insure the keeping 
qualities of the product; and second to impart to the product the 
physical properties referred to above that are demanded by trade, 
custom, or personal preference. 


The Choice of Sterilizer—Several makes of sterilizers are upon 
the market, most of which if properly operated can be used 
with success. These are offered in a large range of sizes to suit 
all ranges of production. Two common types of sterilizers that 
are extensively used are illustrated under Figs. 166 and 167. 
Many of the problems involved in the operation of the sterilizers 
are purely mechanical, and must be determined by local con- 
ditions. Other phases of the subject will be discussed in this 


chapter. 
[ 741 ] 
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The Sterilizing Process.—The time and temperatures used in 
sterilizing, and the mechanical manipulations of the sterilizers 
during the sterilizing process are subject to many needless 
fluctuations in practice. Space will not be consumed to discuss 
the relative merits of these different methods, but the discussion 
will concern only the process that the authors know from wide 


Fig. 166. Fort Wayne Sterilizer. 
Courtesy The Engineering Co. 


experience to give satisfactory results at all times. Furthermore 
the modern tendency is to standardize the sterilizing process 
not only as between the plants of the same manufacturer, but in 


a larger sense, as between the plants of different manufacturers. 
The process in brief is as follows :— 


Coming-up time——A minimum of 15 minutes, and a maxi- 
mum of 20 minutes should be taken to raise the temperature in 
the sterilizer from room temperature, to the temperature at 
which the milk is to be sterilized. This is commonly known as 
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the ‘‘coming-up time.’’ Where water is used in the sterilizers 
during the processing uniform results may be obtained with 15 
minutes coming up time. When live steam is used, the best 
results are obtained when 20 minutes elapse. The relation be- 
tween minutes in coming up and the temperature in the sterilizer 
is indicated both for the 15 and 20 minute intervals in Table 130. 
As indicated in the table the temperature should be at 190° F. 
at the end of 5 minutes when 15 minutes is the coming up time 
used, and at the end of 10 minutes when 20 minutes is used. 
The rate of increase is more rapid between the initial tempera- 


Pig. 167. Berlin Sterilizer. 
Courtesy Berlin Canning Machinery Works. 


ture and 170° F., than it is from 170° F. to 240° F. During the 
last 10 minutes of the coming up time the increase should be at 
the rate of 5° F. for every minute. 


Influence of Speed of Sterilizer Reel—The speed at which 
the sterilizer reel is operated has a very important bearing upon 
the sterilizing operation. The faster the reel is operated the 
more rapidly the milk will heat inside of the can, and also the 
more rapidly it will cool at the end of the run. Too rapid reeling 
tends to destroy the viscosity, and to produce a grainy finished 
product. Too slow reeling produces a clabbery product—one 
that is sterilized with difficulty, and that cools very slowly. 

The proper speed of the reel is from six to ten turns per 
minute depending upon the diameter of the sterilizer. <A sterilizer 
of 96 case capacity produces the best results at six turns per 
minute. A 30 case sterilizer at ten turns per minute. 
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TABLE 130. 


Relation Between Temperature and Time When Coming Up in Sterilizers. 


Minutes after Temperature in Minutes after Tomperseuke ue 
4 sterilizer at : sterilizer at 
turning on ; turning on di 
eae corresponding is corresponding 
; minute. Degrees F. minute. Degrees F. 
eo 70 6 i 195 
4 saiily te 90 mi ohakn Ue 200 
ar S54) ek Gee a6 8 13 | 205 
= ae ae 130 9 14 | 210 
eer 5 150 10 eae 215 
a" 6 | 170 11 16 | 220 
7 175 “| 42 17 225 
4; 2 Se 180 13 18 230 
_ 9 ae iss 14 19 | 235 
—— {Oo eee ie 106 15 20 240 


The Addition of Water to the Sterilizers—Adding water to 
the sterilizers before turning on the steam usually helps to pro- 
duce more uniform sterilization, but the practice is not a universal 
one. The proper spacing of the cans in the trays and in the 
crates is a factor that influences uniformity of sterilization. The 
spacing and the placing of the cans should be such as to facilitate 
the transmission of the heat equally to all of the cans in the batch. 


When water is added just enough should be used to cover all 
of the cans in one position of the reel. Savings in coal can be 
affected by storing the hot water between the sterilizer runs in a 
suitable tank, so placed that the water will run by gravity back 
into the sterilizer at the beginning of the succeeding run. The 
above points are illustrated under Fig. 168. 


Holding temperature—The minimum temperature recom- 
mended is 240° F., and the maximum 245° F., with the proper 
holding time. 


Holding time. The holding time never should be less than 
15 minutes with the temperature never under 240° F. 
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HOT WATER 
TANK 


Hie edb 


VALVE TO TANK 


Fig. 168. Sterilizer Arrangement When Using Hot Water in Sterilizing. 


Cooling time.—From 15 to 20 minutes, depending upon the 
temperature of the water. The cooling should be continued until 
the temperature of the milk throughout the batch is between 70 
and 80° F., or about room temperature. If all the factors affect- 
ing sterilization are properly controlled the sterilizing process 
can be kept between the following limits at all times :— 


pis minutes minimum 


Coming up time : ; 
2, OP \ 20 minutes maximum 


: 240° F. minimum 
Holding temperature \ 245° F. maximum 


: ; ; 15 minutes minimum 
Holding time : ; 
\ 20 minutes maximum 


Cooli ti 15 minutes minimum 
ooling time ; : é 
8 \ 20 minutes maximum 
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The sterilizing process, as recommended above, from the time 
the steam is introduced until the cooling of the batch has been 
completed is shown in the graph represented over Fig. 169. 


1GO 190 200 210 220 230 240 250 


TEMPERATURE. DEGREES F. 


120 130 140 150 160 170 


60 7O 80 920 {0°O 110 


50 
° 


5 10 |} 20 
3 iS Re nos Sonn ADs 2.20 


TIME IN MINUTES. 


Fig. 169. The Relation Between Coming Up Time, Holding Temperature, 
Holding Time, and Cooling Time in Sterilizing Evaporated Milk. 
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MOJONNIER EVAPORATED MILK CONTROLLER. 


This apparatus was designed especially to provide a means for 
controlling all the factors that affect the sterilization of evapo- 
rated milk. It is illustrated under Fig. 170. To O. W. Mojonnier 
was granted U. 8S. patents covering the fundamental processes 
underlying its operation. Its application will be described further 
in this chapter. 


Fig. 170. Mojonnier Evaporated Milk Controller. 


Factors That Influence the Heat Coagulation of Milk.—The 
starting point of a good finished product is a good supply of fresh 
milk. The acid content should be kept as low as possible at all 
times. At certain seasons the processing is very difficult even 
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with a milk supply of low acid content. This is due to the sev- 
eral factors that influence the coagulating point of casein and 
albumin as follows: 

(a). Effect of acid content upon the coagulating point of milk. 
—The ease with which sour milk curdles when heated is a fact of 
common knowledge. Advantage of this fact is taken in the manu- 
facture of cottage cheese. The difficulties encountered in steril- 
izing evaporated milk as a rule increase as the content of titra- 
table acidity increases. This is particularly true if the titratable 
acidity is due in part, at least, to the decomposition of the milk 
sugar into lactic acid by bacterial growth. 

It has been proved by several investigators (among whom can 
be mentioned Rice,t and Sommer and Hart?) that the percentage 
of titratable acidity in milk as drawn from the cow, varies be- 
tween rather wide limits. Sommer and Hart found no definite 
relation between the titratable acidity in freshly drawn milk, and 
the heat coagulation of the same. The summary of their inter- 
esting experiments are contained in Table 131. 

TABLE 181. 


Summary of Results. Sommer and Hart Upon Relation of Titratable Acidity 
and Heat Coagulation. 


Titratable acidity No. samples No. samples 

No. in per cent. No. samples|testitg over|No. samples|testing under 

Date of __ | ésthat tested |.18 per cent | that tested |.18 per cent 

cows : over that coagu- under that coagu- 

tested | Min. | Max- | Aver- | .18 per cent |lated within] .18 per cent |lated within 

imum |/imum] age 20 minutes 20 minutes 
May 8, 1919 26 209267" 185 15 5 11 6 
May 10, 1919 30 .181 .241 .196 14 ve 16 7 
May 16, 1919 30 .102 | .203 | .167 16 11 14 6 
sDotal tes $6) aa hie eee .178 45 23 41 19 


In the above experiment 51.2 per cent of the samples testing 
above .18 per cent of acid coagulated under 20 minutes when 
heated in a sealed glass tube held in a xylene vapor bath at a 
temperature of 136° C. Likewise 46.4 per cent of the total sam- 
ples testing under .18 per cent of acid, coagulated in less than 20 
minutes. 

These results show that when an acidity test is depended upon 
entirely when grading milk that is to be used for making evapo- 
rated milk, an entirely false criterion of its value may be ob- 
tained. 


CoAGULATION CoNnTROL, 749 


The quantity of acid required to influence the coagulating 
point of milk is too small to permit of its control by titration 
methods. High titratable acidity in fresh milk cannot be de- 
tected by the senses of taste or of smell. To a trained person 
even small quantities of acid produced by bacterial growth can 
be readily detected by the senses of taste or of smell or by both. 
The most concealing factor to the sense of smell is the tempera- 
ture of the milk—the colder the milk the more difficult it be- 
comes to detect any acid development in the milk. 


In practice unquestionably the best method of grading milk 
at the factory’s intake is by means of the senses of taste and 
smell, both intelligently applied by a trained person. This in 
turn should be supplemented by careful observation of the be- 
havior of the milk accepted, under the processes to which it is 
to be subjected. Any indication of milk taken which reacts un- 
favorably under heat, should lead at once to increased vigilance 
at the intake. 


If it should be desired to determine the coagulability of the 
milk from individual cows, cans or herds this can be done by 
using the method devised by Sommer and Hart, or by means of 
one or more of the methods given in Chapter XVII of this book. 
A means is thus available for tracing trouble to the original 
source. 


The acid content of the fresh product increases in direct pro- 
portion to the degree of condensation. Obviously the higher the 
degree of condensation the greater will be the acid content of 
the evaporated milk before sterilizing the same. 


McInerney * made a careful study of the influence of the acid 
content upon the coagulating point of milk. To 100 ce. of milk 
there was added sufficient N/10 lactic acid to build up the total 
acidity to the test desired. ‘‘The mixture of milk and acid was 
then heated in the steam bath until the milk coagulated, and the 
temperature was noted. The amount of acid required to co- 
agulate the milk decreased as the temperature increased from 70 
yal eo) ai Shara 


The composition of the milk studied is not reported. Typical 
results covering these kinds of milk are given in Table 182. 
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TABLE 132. 
Influence of Acid Content Upon the Coagulating Temperature of Milk. 


Skim-milk testing Whole milk testing Pasteurized whole milk 
.145 per cent acid .140 per cent acid testing .150 per cent acid 
Total Coagulating Total Coagulating Total Coagulating 
acid temperature acid temperature acid temperature 

Per cent AN Per cent o}r. Per cent oh. 
580 70 530 73 560 66 
480 104 480 87 500 85 
430 145 440 110 480 83 
390 150 400 110 450 95 
340 155 350 147 410 96 
280 170 310 162 400 104 
250 185 270 175 390 110 

re 370 140 
360 150 
320 160 


‘These experiments show that milk containing 0.57 per cent 
acid (in terms of lactic acid) will, on the average, precipitate at 
a temperature between 60° to 65° F, Milk containing 0.50 per 
cent acid will curdle at 75° to 80° F., 0.40 per cent at 100° to 110° 
F., 0.35 per cent at about 150° F. and 0.25 per cent acid in milk 
will not cause coagulation until heated to 180° F. As shown in 
Table 132 the small drop in acidity between 0.40 to 0.85 per cent 
makes a greater range of temperature than between any other 
two points of acidity studied. As shown in the experiments, a 
decrease of 0.05 per cent acid at this particular stage requires 
nearly a 50° EF. range in temperature to produce coagulation as 
0.40 per cent acid in milk will curdle at about 100° F. while 0.35 
per cent acid in milk will not produce curdling until heated to at 
least 150° F.’’ 

(b). Influence of the nitrogenous constituents upon the coagu- 
lating point of milk.—F rom the standpoint of the manufacture of 
evaporated milk all of the nitrogenous constituents of milk are of 
interest and divide themselves into three separate and distinct 
substances or groups of substances, as follows: (1) Casein which 
coagulates in the cold in the presence of acid only. It also co- 
agulates under pressure at temperatures above the boiling point 
of water, in either alkaline, neutral, or slightly acid mediums. (2). 
Albumin which coagulates in part under heat in normal milk, and 
completely in an acid medium. (3) Other nitrogenous constitu- 
ents which are not precipitated either by acids or by heat. This 
group probably includes quite a number of different chemical en- 
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tities. All of the above substances dissolve in weak alkaline solu- 
tions, after having been coagulated. 

In processing evaporated milk the casein and albumin are the 
products of the greatest importance. These two substances vary 
in milk both in the total percentages of the two present, as well as 
in their relative percentages. 

Albumin predominates especially in colostrum milk, which ac- 
counts for the ease with which such milk is curdled by heat. 
Hunziker * reports the composition of the nitrogenous constituents 
of the milk from three cows at monthly intervals during an entire 
lactation period, as shown in Table 133. 

The influence of egg albumin upon the coagulating point of 
evaporated milk is illustrated by the following experiment. To 
one six ounce can of unsterilized evaporated milk there was added 
one ce. and to a second can four ec. of fresh egg albumin. After 
sterilizing under standard time and temperature along with a 
control can to which nothing had been added, both were com- 
pared with the blank can. The can to which one cc. of the egg 
albumin had been added showed a considerable increase in vis- 
cosity, and that to which five cc. had been added showed a very 
large increase in viscosity over that of the blank can. This in- 
dicated a large decrease in the coagulating point due to the added 


egg albumin. 


TABLE 133. 


Effect of Period of Lactation on the Percentages of Albumin, Casein and 
Total Proteid in the Milk of Three Cows. 


Cow No. 1 Cow No. 2 Cow No. 3 

Feriod of 

Lactation Albu- Case- Total | Albu- Case- Total Albu- Case- Total 
min in Proteids} min in Proteids | min in Proteids 

First 14 milkings....... .98 3.18 4.16 1.59 3.81 5.40 1,72 4.46 6.18 
MEG MONULG ee ee sien Bits 2.58 3.12 .00 2.47 3.02 58 2.88 3.40 
2nd month. 53 2.27 2.80 47 2.37 2.84 51 3.06 3.57 
3rd month.. 52 2.54 3.06 48 2.28 2.76 .05 3.25 3.80 
4th month.. : cal nO: 2.51 3.07 .50 2.36 2.86 . 60 3.05 3.65 
Sth month... 2... °.) 00 2.62 oakh 48 2.26 2.74 60 3.05 3.65 
Guhimonthyaceen.c neces .53 2.65 3.18 .54 2.30 2.84 ay} 2.96 3.69 
Mite MOND. setae ese 86 2.62 3.48 76 2.50 3.26 .62 2.99 3.61 
Sth MONE, «ats sreheree ow « Ars) 2.79 3.54 60 2.66 3.26 . 64 2.94 3.58 
Othimonthse.cetec cae 13 2.84 3.57 .56 2.73 3.29 72 3.30 4.02 
TOG AON ENS s ce.c acess ets ol 3.02 2.79 .59 2.73 3.32 82 3.39 4,21 
fitthumnonth. «ase coe n 91 3.08 3.99 61 2.88 3.49 PAGS ort Aen 


It becomes obvious from the above facts that milk high in 
colostrum when made into evaporated milk will very likely have 


752 EvaApoRATED MILK 


a low coagulating point, and therefore it will be very difficult 
to sterilize properly. Sterilizing difficulties due to the above 
causes are of comparatively rare occurence where the proper 
control is maintained over the milk supply. In the mixed milk 
from many herds the variations in the percentages of the nitro- 
genous constituents are relatively small, especially where colo- 
strum milk is completely rejected. 


(c). Influence of the mineral constituents—It has been long 
known that the addition of certain mineral salts, and other sub- 
stances, exert a marked influence upon the coagulating point of 
evaporated milk. In some eases the coagulating point is lowered. 
In others it is increased. 

One of the authors? by careful experiment determined the 
influence of the addition of various substances upon the coagu- 
lating point of evaporated milk. These substances were added 
in known amounts to six ounce cans of evaporated milk before 
sterilizing. The influence of the added substance was noted 
immediately after sterilizing. The results are given in Table 134. 


TABLE 134. 
Influence of Added Salts on the Coagulating Point of Evaporated Milk. 


Name of substance Percentage of ® 
added to | substance after Influence of the added substances upon the 
evaporated milk adding to the coagulating point of the evaporated milk. 
before sterilizing. evaporated milk. 
MACH CHAI gc ccs < POs Large decrease in coagulating point 
Sodium chloride... . .03 Large decrease in coagulating point. 
Calcium chloride... ako Large decrease in coagulating point. 
Impossible to sterilize properly. 
Magnesium chloride. 535 Large decrease in coagulating point. 
Impossible to sterilize properly. 
Sodium sulphate... . ailiss Slight decrease in coagulating point. 
Sodium acid phos- 15 


Large decrease in coagulating point. 


phate, NaHe2 PO« Impossible to sterilize properly. 


Ammonium chloride oaks} Large decrease in coagulating point. 
Impossible to sterilize properly. 

Tri sodium phos- .03 Large increase in coagulating point 
phate Nag PQ4 2 oy . 

Sodium ammonium .03 Large increase in coagulating point. 
acid phosphate... 

Ammonium 
phosphate....... .03 Large increase in coagulating point. 

A 
Sodium bicarbonate. .006 


1 oz. per 1000 Ibs. raised coagulating point 1° F. 
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All the chlorides tested greatly decreased the coagulating 
points. Sodium sulphate also decreased the coagulating point. 
Sodium acid phosphate decreased the coagulating point, while 
other phosphates increased it. Sodium bicarbonate increased it 
greatly. The small amounts required to influence the coagulating 
point shows how delicate is the balance, and how great is the in- 
fluence of the content of mineral salts. 

Sodium bicarbonate is in most respects the best product to 
use when it may be necessary to add some substance to the milk 
after other means have failed, in order to reduce the coagulating 
point. It is dependable, and of low cost. Its principal objection 
is the fact that it produces a large volume of carbon dioxide gas 
when it decomposes. This retards the condensing operation, 
since it makes it necessary for the vacuum pump to remove the 
gas that is formed. If the sodium bicarbonate is added to the 
evaporated milk after condensing, the gas is released during the 
sterilizing operation, and this causes the ends of the cans to bulge, 
giving the appearance of the cans being ‘‘swells’’ due to spoilage. 

Carbon dioxide is very soluble in cold water, so that moderate 
amounts that may be released during the sterilizing process are 
soon absorbed after the evaporated milk has cooled to room 
temperature. The practical limit of sodium bicarbonate to add 
after condensing is four ounces per 1000 pounds of the condensed 
product. When the sodium bicarbonate is added to the milk in 
the hot wells before condensing the practical limit should not 
exceed twelve ounces per 1000 pounds of finished product. The 
best plan is to add the greater part of the total amount required 
to the hot wells before condensing and to add only the final 
small amount required to standardize the coagulating point, to 
the condensed product before filling it into the cases, and there- 
fore before sterilizing. 

The use of an excessive amount of sodium bicarbonate also 
increased the color of the finished product after sterilizing. Every 
argument is in favor of its moderate use. 

Tri-sodium phosphate has the disadvantage of greater cost, 
but it does not produce any gases when added to milk. There 
may be conditions under which it can be used to advantage. 

Theoretically it would appear possible to utilize the above 
facts in standardizing the coagulating point of evaporated milk 
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during the process of manufacture. This is only partially possible. 
Lactic acid cannot be used because its action is too violent, and 
its use is attendant with too many dangers. All the chlorides 
named cannot be used principally because of their bitter taste. 
More satisfactory means are known for decreasing the coagu- 
lating point than by adding foreign substances. These means 
will be discussed elsewhere in this chapter. The use of sodium 
bicarbonate affords a very satisfactory means for increasing the 
coagulating point. This will be further described in this chapter. 

Sommer and Hart? made a careful study of the influence of 
the mineral constituents upon the coagulating point of milk, and 
draw the following conclusions which in the main confirm the 
results reported above :— 

‘‘In most eases coagulation can be prevented by the addition 
of citrates or phosphates, the coagulation being due to an excess 
of calcium and magnesium. However, in a few cases the addition 
of citrates or phosphates did not prevent coagulation, but rather 
hastened it. In these cases the addition of the proper amounts 
of calcium salts prevents coagulation, or at least raises the 
coagulating point.”’ 

‘‘Wrom the data in Tables 135 and 136 we see that the calcium 
and magnesium are balanced by the phosphates and citrates of 
the milk practically in gram equivalent ‘amounts. The balance 
of the four constituents, calcium, magnesium, citrates and phos- 
phates, largely determine whether a milk will coagulate or not. 
If calcium and magnesium are in excess, the milk will coagulate 
upon heating. If calcium and magnesium are properly balanced 
with the phosphates and citrates, the optimum stability obtains. 
If posphates and citrates are in excess, coagulation will also 
result.”’ 

“Thus the coagulation of a milk sample on heating may be due 
either to an excess or a deficiency of calcium and magnesium. 
We may explain this in the following manner. The casein of the 
milk is most stable with regards to heat coagulation when it is in 
combination with a definite amount of calcium. If the calcium 
combined with the casein is above or below this optimum the 
casein is not in its most stable condition. The calcium in the milk 
distributes itself between the casein, citrates and phosphates 
chiefly. If milk is high in citrate and phosphate content more 
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calcium is necessary in order that the casein may retain its 
optimum calcium content after competing with the citrates and 
phosphates. If the milk is high in calcium there may not be 
sufficient citrates and phosphates to compete with the casein 
to lower its calcium content to the optimum. In such a ease 
the addition of citrates or phosphates makes the casein more 
stable by reducing the calcium content. The magnesium functions 
by replacing the calcium in the citrates and phosphates.’’ 


““In most cases the coagulation is due to an excess of calcium 
and magnesium. It is possible to balance this even by citrates, 
phosphates, carbonates and other salts. It is also stated that 
danger of coagulation may be avoided in the actual practice of 
condensing milk by controlling the preheating period, using 
higher temperatures. This may have the effect of lowering the 
soluble calcium content by precipitating part of it as insoluble 
ealeium phosphate.”’ 

In the experiments of Sommer and Hart twenty-five out of 
thirty which coagulated contained an excess of calcium and 
magnesium over citrates and phosphates. Those which had the 
lowest excess did not coagulate. 


TABLE 135. 


Balance Between Calcium and Citrates. 


lati 
25 ce. milk plus Coagu ation 
time 
M/2 calcium M/2 sodium HO 
acetate citrate 2 
a . ee ce. Min. 
0.4 . 0.0 1.2 yy, 
One 0.2 1.0 40. 
7 ae v2 8 es 

aa 06 6 a 
; 0.4 a 0.8 4 | iD) 
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TABLE i136. 
A Sample in Which Calcium Prevents Coagulation. 
25 ce. Milk Plus copeulel® 
time 
M/2 calcium M/2 sodium H,0 
acetate citrate 
ce, ce. ce. Min. 
0.0 0.0 0.8 ly, 
‘ 0.2 0.0 0.6 20 
0.2 0.1 0.5 1y%, 
0.2 0.2 0.4 if 
0.2 0.3 0.3 A 
0.2 0.4 0.2 % 


(d). Influence of concentration—The degree to which the 
fresh milk is condensed has a large influence upon the coagulating 
point of the evaporated milk. This is illustrated by the experi- 
ment reported by Hunziker® as shown in Table 137. 


TABLE 137. 


Showing the Increase of the Per Cent of Acid as the Concentration of the 
Evaporated Milk Increases and Its Effect on the Curdling of the Casein. 


Lot No. Concentration Per cent acid Condition of casein 
1 1.58:1 34 Not precipitated 
2 iene 34 Not precipitated 
3 3 oo 1 40 Not precipitated . 
a 4 1.99:1 ‘ 43 Not precipitated 
5 ehiie .48 Small lumps of curd 
6 Boomer an 54 Large lumps of curd 


In normal evaporated milk at a concentration around 7.80 
per cent of fat and 25.50 per cent of total solids, every 20 pounds 
of water added or removed per 1000 pounds of the condensed 
product, lowers or raises, as the case may be, the coagulating 
point 1°F. This is an important factor ee ean be used in con- 
trolling the sterilizing process. 
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In normal evaporated milk the influence of concentration has 
been a large determining factor in establishing the present 
standards which control the manufacture and sale of this product. 

The factor of concentration was studied by Sommer and Hart?. 
They concluded from their experiment that ‘‘not only the con- 
centration of the casein influences the coagulating point, but also 
the concentration of the serum.”’ 


The intricacy of the above reactions is well illustrated by the 
ease of the salts of sodium. Sodium chloride and other sodium 
salts when added to evaporated milk greatly lowers its coagu- 
lating point, while sodium bicarbonate and certain other sodium 
salts have exactly the opposite effect. Much remains to be 
learned regarding the influence of both basis and acidic radicals 
upon the coagulating point of milk by heat. 


(e). Influence of products of bacterial growth, other than 
acid.—A considerable number of bacteria are known that have 
the power to produce rennet or rennet like substances, which have 
the power to curdle milk. The action of rennet upon milk forms 
the basis of the cheese industry, since this makes it possible to 
coagulate the casein at a low temperature, and in the presence 
of a low acid content. 


Rogers’ reports interesting experiments that prove the above 
statements. He states: ‘‘Milk, inoculated with a small amount 
of bacteria known to produce rennet actively, was held at room 
temperature for three hours. With this was held part of the milk 
without inoculation which, when evaporated to the standard con- 
centration, curdled at a temperature of 240 degrees F. That 
inoculated and held three hours before evaporating, curdled at 
226 degrees F., although the acidity was identical with the 
uninoculated fraction.’’ The results of his experiments are shown 
in Table 138. 


The presence of rennet producing type of bacteria is largely 
favored by unsanitary conditions either at the farms where the 
milk is produced, or in the plant where the fresh milk is 
.manufactured into evaporated milk. Unclean milk pails and 
milk cans are the most prolific cause of trouble upon the farm. 
Uneclean utensils, milk pumps and milk pipe lines are the most 
prolific cause of trouble in the plant. The rigid enforcement of 
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TABLE 138, 
Effect of Rennet Forming Bacteria on Curdling Temperatures. 


Time of Coagulation 
Inoculation action pH temperature 
(hours) degrees F. 

None 3 6.33 "210.4 
Rennet-forming bacteria, 10 cc. 1% 226.4 
3 6.33 226.4 
None 2 246.2 
Rennet 0175 1 226.4 
gms. 2 213.6 


sanitary rules at all points will do more than anything else 
to eradicate a trouble of this kind in an evaporated milk plant. 

(f). Influence of method of forewarming in the hot wells.— 
The method of forewarming the milk in the hot wells exerts a 
large influence upon the coagulating point of the finished product. 
This fact is of large practical value in the manufacture of 
various condensed milk products, and mention is made of it in 
different chapters of this book. 

The exact cause of this action is not fully understood because 
of lack of experimental proof. 

Sommer and Hart, just quoted, state that this may be caused 
by the precipitation of part of the soluble calcium content into 
the insoluble calcium phosphate, but no experimental proof is 
submitted. 

Tricalecium citrate when freshly prepared is readily pre- 
cipitated upon heating, probably due to decreasing solubilities at 
increasing temperatures, and the theory is frequently advanced 
that this is the cause of the changes produced in milk by fore- 
warming. Experimental proof is lacking here also, and practical 
evidence is contrary to this view. Further reference will be 
made to this matter in another part of this chapter. 

The action of heat upon the coagulation of the albumin in the 
milk may very readily be the most important factor controlling 
this action. It has long been known that the extent of the 
coagulation of albumin by heat varies with both the temperature 
and the time of exposure of the milk to the heat. The higher 
the temperature and longer the time of heating, the more of the 
albumin will become insoluble by heat. 
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Cavanaugh and Latzer® report the following amount of 
albumin precipitated under different conditions of heating, the 
results being the average for ten experiments. 

When heated to boiling .37 per cent albumin previpitated. 

When boiled for five minutes 42 per cent albumin pre- 
cipated. 

When heated at 15 lbs. pressure for 30 minutes .44 per cent 
albumin precipitated. 

The above results were obtained by difference from their 
published results. 

When milk is heated no apparent separation or coagulation of 
the albumin takes place, but it undergoes a change that causes 
that part of it which has changed to separate with the casein 
when acid is added. The values given above represent the 
amount of albumin which separated along with the casein when 
acid was added in making the determination of acid insoluble 
protein. 

The preponderance of evidence at the present time is that the 
changes in the albumin content of the milk by heating may be 
largely responsible for the differences in the behavior of evapo- 
rated milk in sterilizing, which milk had been previously heated 
differently in the hot wells. 

Heating of the Milk in the Hot Wells.—As already noted, 
when milk is properly heated in the hot wells, it undergoes 
certain changes which play an important part in the sterilization 
of evaporated milk. 

Unless the milk is properly heated in the hot wells, there is 
every opportunity for the milk to undergo certain other chemical 
changes, which will have a very bad effect upon the ultimate 
product. The reasons for these other changes are not definitely 
understood at the present time, but all the evidence is in favor 
of the view that when the heat is improperly applied to the milk 
in the hot wells, certain chemical changes occur in the casein 
and albumin molecules. The extent of these changes follow 
closely the law of mass action. That is, when the steam is 
introduced into the milk at a high pressure, or in large volumes, 
the agitation of the milk at the point of the introduction of the 
steam is not rapid enough to transmit the heat uniformly to all 
parts of the milk in the hot well. The result is that the local 
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action of the steam upon the milk is sufficiently great to overheat 
the milk beyond the coagulating temperature of the casein itself. 

The above unfavorable effect is almost negligible where 
jacketed hot wells are used, and the worst effect manifests itself 
where plain hot wells are used—that is, where the milk is heated 
in the hot wells by live steam. By using the proper care, it is 
possible to heat the milk in plain hot wells, using live steam only, 
without causing any injury to the milk. It has been learned by 
experience that no bad results follow when eight minutes are 
taken to forewarm one thousand pounds of fresh milk to the 
desired temperature in the hot wells. The only safe method to 
follow is to place a pressure reducing valve upon the steam feed 
line which is used to supply the hot wells. This valve should 
be set to operate at a pressure not in excess of 10 pounds per 
square inch. 

Where the jacketed hot wells are used, it is best to bring the 
milk up to about 170° F., and then to complete the heating from 
that point up to the right temperature by means of live steam, 
introduced directly into the milk. In a number of eases, the 
milk is passed through special heaters on the way to the hot 
wells and forewarming is then completed in the hot wells with 
live steam. As a rule, this is a very satisfactory method. 


Steam Distribution in the Sterilizer—Even distribution of 
steam in the sterilizer is necessary, no matter what style of 
sterilizer is used, or whether superheated water or steam alone 
is used for sterilizing. A frequent cause of uneven sterilization 
lies in the fact that the perforations in the steam distributing 
pipes become enlarged, due to the wearing effect of the steam 
while passing through the perforations. This is especially likely’ 
to be the case where the steam distributing pipes are made of thin 
brass tubing. It is recommended as far as practical, that brass 
pipe, iron pipe size, be used for this purpose. There is much less 
danger from enlarging of the perforations when this pipe is 
used, than when the thin brass tubing is used. It is especially 
suggested that iron pipe never be used for this purpose, although 
some makes of sterilizers are now furnished with the distributing 
pipe of iron. When iron is used, the openings are likely to be- 
come enlarged not only from the action of the steam, but also 
from the rusting of the iron. 
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It frequently happens that the cap may come off of one of the 
steam pipes, or the pipes may become disconnected at the inlet, 
so that for all of the above reasons, it is very desirable to check 
up the different sterilizers very carefully from time to time. 

The Evaporated Milk Controller affords a particularly efficient 
means for checking up the evenness of sterilization. This is 
accomplished by means of the viscosimeters which accompany the 
Controller. Detailed instructions for making the viscosity tests 
will follow further in this chapter. 

When checking up by means of the viscosimeter, it is sug- 
gested that at least three sets of cans be taken out of each 
sterilizer. The first set is to be taken from the top of one section 
in the case of a Fort Wayne Sterilizer, and from the top of the 
cage in the case of a Berlin Sterilizer. The second set is to be 
taken from the middle of the section or cage, and the third set 
from the bottom of the section or cage, in the two respective 
sterilizers. In each case, one sample is to be taken from near 
each of the two ends, and one from the center of the section or 
eage, making a total of nine samples in all. By following this 
method, it becomes possible to get an accurate check upon the 
distribution of the steam in the different parts of the sterilizer. 


TABLE 139. 
Determining Steam Distribution in the Sterilizer. 


Location of Sample in Sterilizer Viscosity 

| retardation 
Right end 4 cans from end, top row of cams.............. 115° 
Right end 4 cans from end, center row of cans.....,..... | 100° 
Right end 4 cans from end, bottom row of cans.......... | 120° 
Middle ofienge, toperow rol ConSen. 2.5 ek icicsss lan os 132° 
iIMiddlewotmcacecenteraro wa Ole Can Simei aren einai ace om 
Middlevof ‘cage, bottom’ row Of cans... ......0:5......006<« | 265° 
Left end 4 cans from end, top row of cans.............. | 150° 
Left end 4 cans from end, center row of cans............ | 65° 
Left end 4 cans from end, bottom row of cans.......... ZO 


As the figures show in the above example, the sterilizer in 
question cooked the milk considerably heavier in the center of 
the cage than at the two ends, particularly the inside cans at the 
two ends. By changing the steam circulation, and particularly 
by watching the level of the water in the sterilizers, it was 
possible to improve the uniformity of the sterilization. 
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Standardization for Fat and Total Solids. 


After the milk has been condensed and cooled, the next step 
is to test the milk for butter fat and total solids. If the plan is 
followed of standardizing the finished product, both for fat and 
total solids, this should be done before the samples are taken out 
for the tests upon the Controller. In case that the plant follows 
the plan of standardizing with water only, the milk should be 
standardized down with the water to the required basis, and 
the samples then taken out for the tests upon the Controller. It 
is very important to coordinate the tests upon the Mojonnier 
Tester for butter fat and total solids with the tests upon the 
Evaporated Milk Controller. If this is done, it will be possible 
to obtain uniform results both from a chemical and physical 
standpoint upon the finished product. 


Ten Per Cent Sodium Bicarbonate Solution. 

Prepare as follows: 

(1). Weigh bottle empty, upon Torsion Balance to .01 ounce. 

(2). Add 3 ounces bicarbonate of soda to the bottle. 

(3). Add 27 ounces warm water to the bottle. 

Shake thoroughly until the bicarbonate is all dissolved. Draw 
out as needed into the dispensing bottle, filling the same not 
over half full. Keep remainder tightly corked in the stock bottle 
until needed. Should the bicarbonate erystallize out, prepare 
a new lot. 

If prepared according to the above directions, the solution 
will contain exactly 10% sodium bicarbonate. 


How to Add Sodium Bicarbonate to the Sample Cans.— 
Arrange in a row five open-top cups, marked—xX-1-2-3-4. These 
cups are furnished with the Controller. Cup marked X is blank, 
to which nothing is added. To cup marked No. 1 add one charge 
of sodium bicarbonate from the dispensing burette. This is the 
amount contained between the upper two graduations on the 
burette. 

To cup marked No. 2 add two charges, to cup No. 3 add three 
charges. To cup No. 4 add four charges. Examination of the 
dispensing burette furnished with the Controller will indicate 
how the above quantities are to be added; that is, the burette 
is graduated into four separate charges. The unit with one 
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single charge contains the equivalent of one ounce of sodium 
bicarbonate, to one thousand pounds of evaporated milk. Each 
Successive charge is a multiple of this unit. In dispensing the 
bicarbonate solution, it is best not to fill the bottle more than 
half full. When filling the burette, the solution should be 
allowed to flow into it slowly in order not to trap in the air. 
If air is trapped into the burette, it is difficult to remove it, and 
in such a ease it is best to run out whatever solution may be in 
the burette, and to put in a new supply. 

- Whenever the quality of the milk is bad, it may be necessary 
to add more than the above indicated number of charges of 
bicarbonate solution to the sample cans. In such cases any 
multiples of the above number of charges may be added. The 
ratio of ounces of bicarbonate to one thousand pounds of milk 
will remain the same, being increased simply by the number of 
charges added to each sample can. 

Preparing the Five Sample Cans for the Sterilizer— After the 
five open-top cups have been treated with bicarbonate as indicated 
in the preceeding section, they are transferred to the Torsion 
Balance and exactly six ounces of milk are weighed into each 
cup. This can be done by taring the entire set of empty cups, 
and then weighing six ounces of evaporated milk into each 
separate cup. 

One set of five empty cans are now marked in the same manner 
as the cups to which the bicarbonate solution was added, namely, 
as follows: X= ean containing no bicarbonate; l—can containing 
equivalent of one ounce bicarbonate per thousand pounds of 
evaporated milk; 2—can containing equivalent of two ounces to 
one thousand pounds of evaporated milk; 3=can containing 
equivalent of three ounces to one thousand pounds of evaporated 
milk and 4= can containing equivalent of four ounces to one 
thousand pounds of evaporated milk. 

The cans are now placed in pairs under the two can vent 
hole filler, furnished with the controller, and the cups with the 
milk and bicarbonate marked corresponding to the empty cans 
are now emptied into the filler. Care must be taken to keep the 
cans in the proper order. 

After filling, the cans are to be tipped, using preferably rosin 
solder. Should none of this solder be available, then great care 
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must be exercised not to let any of the flux from the zine 
chloride solder enter the cans. Zine chloride flux has a very bad 
effect upon the milk, and will completely change the results. 

Sterilizing the Five Sample Cans.—The five sample cans pre- 
pared as above are now ready for the sterilizer. Place these in 
the cage and fasten the lid securely, and also turn down the 
screws in order to hold all of the cans securely in place. Adjust 
the cage in the sterilizer by means of the thumb screw upon the 
right hand side in order to keep them from having end play. 
Close the sterilizer door securely so that no steam escapes during 
the sterilizing process. 

Be sure to provide circulation of the steam through the vent 
upon the pipe surrounding the thermometer. This little vent 
should be kept open during the entire sterilization operation. 
Fill the small pilot sterilizer to a point half way upon the gauge 
glass. Turn on the switch to start the motor in operation. Open 
the ‘‘steam start valve’’ and take five minutes to let the heat 
reach 190° F. or 3 upon the sterilizer scale. Then let the heat 
come up gradually from 190 to 240° F. or from 8 to 8 upon the 
thermometer, taking one minute for each 5° as indicated in the 
following fable 

TABLE 140. 
Relation Temperature, Scale Reading, and Coming-Up Time. 


: Point at which 
Actual temperature in Actual reading upon teed Wak oes et ee 
should be at any given 
Fahrenheit degrees thermometer scale : : 
. time coming up. 
Minutes 
240 8 20 
230 Us 18 
220 6 16 
210 5 14 
200 4 12 
190 3 10 


Where sterilizing is done with steam only, without using 
superheated water, it is recommended twenty minutes be taken 
for coming up. The above table is arranged upon this basis. 
The table, however, can be readily adapted to a system requiring 
fifteen minutes for coming up, by taking five minutes to come 
up to the point marked 10 upon the table, or to 190° F. 
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It is also recommended that in the pilot sterilizer, the samples 
be cooked to 243° F. and that the jump from 230 to 243° be 
made in two minutes. It is very important to know the exact 
second when the mercury column reaches 243°. The milk should 
be held at this temperature for fifteen minutes to the exact 
second. 


How to Cool the Five Sample Cans.—The instant that the 
clock indicates that the samples have been sterilized as indicated 
above, both discharge valve and cold water valve should be 
opened simultaneously. It is best to cool the five samples to 
about 75° F. This should take not to exceed five minutes, depend- 
ing upon the temperature of the water available. This is some- 
thing each operator will have to judge for himself. 


How to Test Sample Cans for Viscosity.—As soon as the 
sample cans are cooled in the sterilizer, as indicated above, the 
outside of the cans are dried; and the cans are then opened and . 
each can is placed in the proper position in the Mojonnier-Doo- 
little viscosimeter rack. It will be noted that the same scheme 
of marking the spaces upon the viscosimeter rack has been 
observed as in the case of marking the cans. It is very desirable 
to cool the samples to as nearly 75° F. as possible. If this is not 
done, the viscosity should be corrected for temperature, using the 
seale of corrections given in Table 141. Make the viscosity tests 
as follows: 

(a). Different sizes of balls are furnished, corresponding to 
the product that it may be desired to test for viscosity. <A special 
viscosity ball is furnished in the case of evaporated milk, and this 
is not interchangeable with any other ball for this purpose. 

(b). Fasten one end of the wire in the knurled nut upon the 
top of the bent support, and the other end in the dial. Adjust 
the vertical position of the dial by raising or lowering, until the 
small lug on the bottom of the dial is in the proper position to 
engage the trip upon the right and side of the stand. 

(ce). Adjust the horizontal position of the dial until zero 
degrees is in a line with the pointer upon the front of the frame 
when the dial is balanced in the air. Center the dial in the open 
circle by means of the adjusting screws on the under side of the 
frame. Make a test for viscosity directly in the small size cans. 
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Properly center the can by means of the automatic arrangement 
provided for that purpose. 

(d). Lower the ball into the can of milk; turn the dial 
clockwise one revolution; stopping when zero degrees upon the 
dial is in line with the pointer upon the front of the frame. 
Hold the dial in place by means of the lug and trip. When ready, 
sharply release the trip, note the degree where the dial stops, 
just before it starts upon the return round. This will occur after 
the dial has made one complete, and part of the second revolution. 
The degree at which the dial stops will represent the viscosity 
of the sample. The greater the viscosity, the larger the degree 
reading will be. The observed viscosity should always be reduced 
to a standard temperature. The higher the temperature the 
lower the viscosity will be or vice versa. The proper corrections 
to apply either above or below 75° F. are given in Table 141. 
A different correction applies upon freshly sterilized evaporated 
milk, than upon the same product after it has reached the packing 
room, in the usual methods of handling, as shown in the two 


tables. 
TABLE 141. 


Correcting Viscosity of Evaporated Milk to 75° F. 


STERILIZING ROOM PACKING ROOM 

EE Ee ee ; 
Temp.|Take off} Temp. |Add. on} Temp. | Add. |Temp.|Take off] Temp. |Add. on| Temp. | Add. 
Deg. Deg. Deg. Deg. Deg. on Dee Deg. Deg. Deg Deg. on 
R. F. R. F, Deg. R. F. Re F, Deg. 
R. R. 
65 25 76 2 89 24 60 15 75 0 88 10.0 
66 22 GU 4 90 25 61 14 76 1 89 10.5 
67 19 78 6 91 26 62 13 hi 2 90 11.0 
68 16 79 8 92 27 63 12 78 3 91 11.5 
69 13 80 10 93 28 64 11 79 4 92 12.0 
70 10 81 12 94 29 65 10 80 5 93 12.5 
71 8 82 14 95 30 66 9 81 6 94 13.0 
72 6 83 16 96 31 67 8 82 7 95 13.3 
73 4 84 18 97 32 68 7 83 Wd 96 13.6 
74 2 85 20 98 33 69 6 84 8.0 97 13.9 
75 0 86 21 99 34 70 5 85 8.5 98 14.2 
87 22 100 35 71 4 86 9.0 99 14.5 
88 23 72 3 87 9.5 100 14.8 

73 2 
74 1 


Record the viscosity of each of the sample cans tested, as 
indicated above. Further instructions will follow as to the 
method of applying information thus obtained. 

How to Test Cans for Color.—Just as soon as the samples 
have been tested for viscosity, they are to be‘moved under the 
colorimeter. The can that has been picked out as the standard 
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should now be compared with another can from a run fey ll 
selected as being of the proper color, or it can be compared to 
any other standard that may be desired. If the milk is standard- 
ized for fat and total solids, and if the sterilization is kept within 
narrow limits as regards time and temperature of sterilization, the 
fluctuation from batch to batch should be very small. The above 
are the largest factors that control the color. The color of evapo- 
rated milk also increases gradually with age, so that in selecting 
the standard, it is desirable to choose freshly prepared goods. 


Correiations That Can be Used to Establish the Proper Steril- 
izing Method.—A number of very important relations have been 
correlated by careful experiment, and the facts thus known are 
used as a basis for establishing the exact temperature and time 
upon which any batch of evaporated milk may be sterilized, in 
order to obtain the best possible product. These relations are as 
follows: 

A retardation of 40° in the viscosity—(a) 1 ounce solid sodium 
bicarbonate per 1000 pounds of unsterilized evaporated milk, 
standardized to 7.8 per cent butter fat and 25.50 per cent total 
solids; (b) or 1° F. in the sterilizing temperature, at the holding 
point of 240° F. with the same coming up time; (c) or one minute 
of time at a holding temperature of 240° F.; (d) or 2° F. upon 
the temperature to which the milk is heated in the hot wells 
under 212° F., (e) or 20 lbs. water per 1000 lbs. evaporated milk. 

The above viscosity relation holds only with viscosities above 
50° or below 300°, upon the Mojonnier-Doolittle Viscosimeter. 

The above are most important and fundamental facts to bear 
in mind, and when once understood they will greatly simplify 
the adjusting of the correct process for sterilizing evaporated 
milk. This is best illustrated by the following example: 

A batch of milk has been standardized to 7.8 per cent butter 
fat and 25.50 per cent total solids. Total weight of evaporated 
milk in the batch equals 24,000 lbs. The five sample cans from 
the pilot sterilizer tested for viscosity as follows: 

Can X—235° retardation 
Can i1=190° retardation 
Can 2=150° retardation 
Can 3—105° retardation 
Can 4= 70° retardation 
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Now, it has been found by experience that 150° retardation 
is the proper viscosity for evaporated milk, just as it comes from 
the sterilizers. This refers to evaporated milk made for domestic 
consumption. Evaporated milk intended for export purposes 
should have a viscosity considerably higher than this, namely, 
around 200° retardation. It is not desirable to send out evapo- 
rated milk upon the market which contains as much as 150° 
retardation of viscosity. A considerable part of the viscosity 
which the milk has, when it comes from the sterilizers, is lost 
during the handling to which the milk is subjected from the 
time it leaves the sterilizers until it is ready to leave the shipping 
department. It is believed that the proper viscosity that the milk 
should have upon leaving the shipping department during the 
spring and summer months should be between 80° and 100° 
retardation. In the early fall and winter months, it should not . 
be over 80°. The warmer the milk is during the handling opera- 
tions, either before it leaves the plant, or after it passes into the 
hands of the retailer, the less will be the viscosity of the milk by 
the time it reaches the consumer. Upon the other hand, it is 
equally important over the winter months to avoid excessive 
viscosity, as In that case the evaporated milk is likely to appear 
eurdled when used in coffee, or even when diluted with water in 
the home. 


8 


Referring back to the viscosity tests of the five cans, it will 
be seen that the can marked No. 2 is the one that most nearly 
approaches the standard aimed for, since this is found to have 
a viscosity of exactly 150° retardation. 


It is always desirable to eliminate the use of sodium bicarbon- 
ate as much as possible. In this particular case it will be 
possible to eliminate its use entirely, as indicated by referring 
back to the above correlations. That is, can No. 2 could be 
adjusted to have a sterilizing record of 248° F. at a holding time 
of fifteen minutes by adding two ounces of sodium bicarbonate 
per thousand pounds of evaporated milk. Upon the other hand, 
since it is more desirable to get along without using any bicarbon- 
ate, very nearly the same results can be obtained by sterilizing 
the batch at 241° F. for fifteen minutes holding time. It is not 
recommended that the holding time be reduced under fifteen 
minutes, as this is as short as it is desirable to make it. Under 
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the circumstances, the two alternatives in the above problem are 
first to add 2 ounces of bicarbonate per thousand pounds of 
finished product, or to reduce the sterilizing temperature 2°. 


The milk in the tank is now ready to be filled into the cans. 
It is important to know that the filling of the milk should not 
be started until all of the tests upon the Controller have been 
completed. 


How to Add Sodium Bicarbonate to Milk Before Sterilizing.— 
In case that it is necessary to add sodium bicarbonate as might 
have been done in the preceeding problem, this should be done 
as follows: 


The amount to be added is to be determined entirely by the 
viscosity tests of the milk upon the five sample cans. In the above 
example it was noted that can No. 2 showed a viscosity of 150° 
retardation. Since this is the standard of viscosity that it is 
desired to reach, bicarbonate should be added in the amounts 
indicated, being in the case of the milk under question, 2 ounces 
per each one thousand pounds of vaporated milk on hand. Since 
the batch contained 24,000 pounds, it will now be necessary to 
weigh out 48 ounces of the solid bicarbonate upon the Torsion 
Balance. This is then dumped into a ten gallon milk can, a small 
amount of water, with a little evaporated milk, usually just the 
sample cans, is then added to the bicarbonate in the can. The 
entire mixture is brought to a vigorous boil, by means of the 
steam hose attached to the Controller. The boiling should be 
continued until the gas has been fairly well expelled. This will 
not eliminate all the gas which is contained in the bicarbonate, 
but it will eliminate the greater part of it, since sodium bicarbon- 
ate is not a stable compound, and is partly broken up by heat 
under these conditions. The solution may now be added to the 
evaporated milk in the holding tank. The milk should be agitated 
while the bicarbonate solution is being added, and the bicarbon- 
ate solution should be poured in very slowly. As the amount 
used is usually small, it is not necessary to cool it back before 
adding it to the milk, as the amount is not sufficiently large to 
increase the temperature of the milk in the hold-over tank. 


It is very important to allow the agitators to run for from 
ten to twenty minutes before starting the fillers. The time neces- 
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sary here depends upon the efficiency of the agitators, and it can 
be determined accurately only by careful experiment. 

How to Adjust the Sterilizing Records Upon Different Sizes of 
Cans.—Different sizes of cans require different sterilizing tem- 
peratures to produce the same viscosity. Tall size cans require 
1° more heat upon a 15 minutes’ run that does baby size. For 
example, upon the same batch of milk, the record would be 
240° F. for 15 minutes for baby size, and 241° F. for 15 minutes 
upon tall size. 

How to Change the Temperature of Heating the Milk in the 
Hot Wells.—The method of changing the temperature necessary 
to heat the milk in the hot wells is indicated by the following 
example: 

Sample can marked X cools 70° retardation. 
Sample can marked 1 cools 40° retardation. 
Sample can marked 2 cools 30° retardation. 
Sample can marked 3 cools 20° retardation. 
Sample can marked 4 cools 15° retardation. 

As the results indicate, the blank can marked X which con- 
tains no bicarbonate shows viscosity under the standard desired, 
namely 150° retardation. This is short in viscosity to the 
extent of 80° retardation, which is equal to 4° F. upon the 
temperature to which the milk is heated in the hot wells under 
212° F. upon the above mentioned correlated values. Granting 
that the milk has been brought to a temperature of 212° in the 
hot wells, it develops from the results of the viscosity tests that 
the milk in this batch had been forewarmed 4° more than should 
have been the case, that is, it should have been forewarmed at 
208° F. Assuming that the milk in this particular case is now 
all in the tank, it is, of course, impossible to go back to correct 
the forewarming of the milk in the hot wells. All that can be 
done is to increase the sterilizing temperature from 243 to 245° F. 
at the standard holding time of fifteen minutes. 

It is always recommended that a preliminary test be made of 
the milk before the condensing is all completed. In the above 
problem, it is recommended that the forewarming of the milk of 
the succeeding day be modified upon the basis of results obtained 
with the batch in question, that is, granting that climatic con- 
ditions and the general milk supply remain the same. In that 
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case, it is suggested that with a plant having four batches of raw 
milk, each containing about twelve thousand pounds, that im- 
mediately after three of the batches are condensed and cooled, 
and well mixed together in the hold-over tank, that a preliminary 
sample of these batches be run. If it is found that the milk from 
these three batches is of too low viscosity, the last batch can be 
forewarmed at a sufficiently low temperature to increase the 
viscosity of the three preceding batches to the desired point. It 
is possible to condense the milk at as low a forewarming tempera- 
ture as 140° F. However, when this is done, care must be taken 
to see that a good sterilizing record is used, as otherwise there 
may be danger of spoilage of the milk. 

It is not recommended that the milk taken for these pre- 
liminary tests be standardized for fat and total solids. If the 
tests of the milk at the strike is carefully watched, the product 
will be near enough to chemical standard so as not to affect 
greatly the physical properties. If this plan is followed, plenty 
of time is available to make the tests upon the Controller before 
the forewarming of the last batch is completed for the day. If 
necessary, the last batch can always be held up for a little 
while in order to complete this test, and it is recommended that 
this be done rather than sacrifice on the physical properties of 
the finished product. 

Why Evaporated Milk Sometimes Fails to React with Sodium 
Bicarbonate.—Conditions are very frequently encountered in 
evaporated milk plants under which it is impossible to improve 
the quality of the product by adding bicarbonate of soda. This 
is illustrated by the following set of viscosity tests made upon 
one batch of milk that was standardized to exactly 25.50 per 


cent total solids. 
TABLE 142. 
Evaporated Milk That Failed to React to Bicarbonate of Soda. 


Ounces sodium bicarbonate added 


per thousand pounds evaporated VEEL IEEE SMILE se JAR 


for fifteen minutes. 


milk, 
0 112° retardation 
D) 180° retardation 
4 280° retardation 


280° retardation 
10 Too heavy to get viscosity. 


for) 
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As the above results indicate, the addition of the bicarbonate 
had just exactly the opposite effect to that when added to milk 
that was handled in the way that was recommended above. That 
instead of reducing the viscosity of the milk it increased the 
viscosity. This plainly indicated that the milk had undergone 
chemical changes in the casein molecule. The factors that will 
bring about the above mentioned conditions are as follows: 


(1). Improper forewarming of the milk in the hot wells. 
This point has already been mentioned. 


(2). Homogenizing the milk at too high a pressure. The 
trouble that may result from this cause can be determined experi- 
mentally under the conditions which exist at each particular 
plant. It is seldom desirable to homogenize the milk much above 
2,000 pounds pressure. 


(3). Handling of the milk by the so-called ‘‘wash process.”’ 
Under this process the milk is condensed to about % its original 
volume. It is then cooled, and an amount of water added slightly 
in excess of that required to bring the milk back to the desired 
consistency, and finally recondensing the surplus of water added 
to the milk. This is a wasteful process, which exerts a very bad 
effect upon the milk. 


(4). Brine leaks from the cooling coils at the condensed 
milk cooler. This is a frequent cause of trouble. 


If care is taken in the plant, all of the above conditions that 
tend to change the chemical composition of the milk can be 
avoided, thereby making it psssible for the milk to react to 
sodium bicarbonate in a perfectly normal way. 


How to Reduce the Amount of Bicarbonate Necessary to 
Add.—It is always very desirable to keep the amount of bicarbon- 
ate down to the very lowest minimum. The indiscriminate use of 
this product may lead to several serious consequences. In the 
first place, the gas from the bicarbonate is released during the 
sterilizing process, and this will cause the ends of the can to 
bulge. If an excess is used, it becomes impossible to again press 
the ends back into normal position, so that they may be bulged 
when sent to the consumers. In the second place, an excess of 
bicarbonate is bound to increase greatly the color of the milk, 
making the milk much darker than it would be normally. 
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The following steps can be taken to reduce the use of bicar- 
bonate. Observation that the proper methods of handling the 
milk are practiced upon the dairy farms. It is particularly 
necessary to have the milk well cooled and kept in well cleaned 
cans. Also, that all utensils in which the milk is handled are kept 
clean and sterile at all times. Colostrum milk should be rejected. 
Changes in the chemical composition of the milk are responsible 
more than anything else for the use of bicarbonate. In localities 
where summer dairying predominates, the change in the composi- 
tion will become apparent more in the fall of the year. Upon 
the other hand, where winter dairying predominates, the same 
trouble may be encountered at other seasons. The trouble is, 
however, very much more prevalent in the fall of the year and 
during the winter months than during all of the other seasons 
combined. It is possible that the fact that the cows are being 
placed upon dry feed exerts some influence upon this condition. 
This is by far the most important of all conditions which compel 
the use of bicarbonate. No means are known to science at the 
present time whereby these conditions can be successfully over- 
come except by means of sodium bicarbonate. 

Milk that is too long in transit to the factory is likely to 
develop an excess of acid, and may, therefore, require bicarbonate. 

Milk that is held in storage at the factory at too high tempera- 
tures, or for too long a time before it is heated in the hot wells, 
also develops excessive acid. This is a very frequent cause of 
trouble, and frequently such milk is changed too much to make it 
possible to handle it at all. 

Improper cooling of the milk after it leaves the vacuum pan, 
and holding the milk in the storage tanks too long before it goes 
to the fillers are all contributing causes. 

Unsanitary methods in the plant itself, that is, improper 
cleaning of the vacuum pan, or of the hot wells, or homogenizer, 
or storage tanks, or filling machines, can all become contributing 
causes to this trouble. 

The handling of two days’ milk, sometimes practiced over the 
winter months, is also responsible for a great deal of trouble 
along these lines. There are very few dairies that are equipped 
to hold milk over in good condition for two days. The milk, 
therefore, is exposed to all kinds of unfavorable conditions and 
this, of course, affects the quality of the finished product. 
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SEASONAL VARIATIONS IN THE. COAGULATING POINT OF 
EVAPORATED MILK. 


The seasons do not in themselves directly influence the co- 
agulating point of evaporated milk, but indirectly they are a large 
factor, and year after year changes in the coagulating point fol- 
low closely the changing seasons. Paralleling the changing 
seasons, and probably the direct causes of the variations in the 
coagulating points can be mentioned: 


(1). The changes in the milk due to the lactation period —If 
the cows supplying a given plant, always freshen at about 
the same time of the year, then more marked will be the influence 
of the lactation period. These differences can be considerably 
equalized by arranging for the cows to freshen at different 
months, thus making possible, both summer and winter dairying, 
which is an added advantage in plant operation. 


(2). Variations caused by changes in the feed of the cows.— 
Particular reference is made here to the influence of such changes 
upon the components of the milk as affect the coagulating point. 
Relatively little exact information is now available upon this 
subject. It is well known that as soon as cows change from dry 
to green feed, or vice versa, that a change in the coagulating 
point of the milk is at once apparent. 


(3). Variations caused by temperature and other climatic 
changes.—It is well known that immediately following storms, 
the coagulating point of the milk usually decreases several de- 
grees. This has reference to the mixed milk from a large number 
of herds. Part of this decrease may be caused by the increased 
acidity which is usually produced because of the conditions fav- 
orable to acid development that exist at the time of a storm. 
Changes in the temperature itself surrounding the cow, aside from 
other factors, may cause changes in the composition of the milk, 
such as would influence its heat coagulation, but as yet relatively 
little is known upon this subject. 


Fig. 171 illustrates the average of several seasonal variations 
in the coagulating point of evaporated milk. This refers to 
evaporated milk produced at plants located in the temperate 
zone, Where both summer and winter dairying are practiced. It 
is assumed that the coagulating points indicated would be those 
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obtained by forewarming the milk all alike in the hot wells; con- 
densing it to the Federal standard of butter fat and total solids; 
sterilizing it for 15 minutes at the various temperatures indicated, 
and in all cases obtaining a viscosity of 150° retardation. Under 
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Fig. 171. Average Seasonal Variations in the Coagulating Point of 
Evaporated Milk. 


intelligent management, and by applying our acquired knowledge 
the variations indicated can be correctly increased or decreased 
to the standard desired, as the case might require. Granting the 
milk to be of good, normal quality, and all other conditions prop- 
erly standardized except the coagulating point, two general 
methods of control are available as follows: 
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(1). To raise the coagulating point increase the forewarming 
time and temperature in the hot wells, or add bicarbonate of soda. 
Usually it is necessary to do both. 

(2). To decrease the coagulating point decrease the fore- 
warming time and temperature, or increase the sterilizing 
temperature. It is frequently necessary to do both. 


SOME EFFECTS OF STERILIZING TEMPERATURES UPON THE 
NITROGENOUS CONSTITUENTS OF EVAPORATED MILK. 


Samples were obtained from six different batches each con- 
taining the milk from approximately 100 cows. These samples 
were carefully tested for casein, albumin and total protein, using 
the official methods of analysis as given in Chapter VII. In turn 
samples from the finished product, just after sterilizing, were 
likewise tested for casein (which included the albumin which 
had been coagulated by heat, and which in turn was precipitated 
along with the casein when making the determination of acid 
insoluble protein), albumin and total protein. The percentage 
of the various constituents was shown in Table 143. 


TABLE 148. 
Percentage of Each Protein Constituent. 


Percentage of each Constituent of the total Protein Content 


Product P 
Casein (including acid-|_ Albumin Other Total 
insoluble Protein) Protein 
z : Per cent Per cent Per cent Per cent 
Fresh milk before heating.... 77 «84 13.12 9.04 100.00 
Evaporated milk after steriliz- 
ANG Ade ieis ae eresalhe 8 ae ey 86.97 4.12 8.91 100.00 


In the above experiments 68.60 per cent of the total albumin 
contained in the fresh milk was precipitated in the evaporated 
milk after sterilizing. In the case of the protein called ‘‘other 
protein’’ only 14.38 per cent was coagulated by the sterilizing 
process. This group includes all the nitrogenous substances ex- 
cepting the casein and albumin, some of which no doubt are not 
members of the protein group. The majority of these substances 
apparently are not affected by the sterilizing temperatures. 

No exact data is available to show what percentage of casein 
itself is coagulated during the sterilizing operation. It must be 
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remembered that only a fraction of the total casein should be 
coagulated, as otherwise the product would not be a salable one. 
Probably in normal evaporated milk of correct viscosity the 
casein coagulated does not exceed ten per cent of the total 
present. In the acid solution used to determine the total casein, 
the part coagulated by heat, apparently, is all precipitated along 
with that not coagulated by the heat. 


Changes in Viscosity at Various Stages in the Manufacture of 
Evaporated Milk.—The viscosity was determined in eight batches 
of fresh milk before heating, and after heating twice to the 
boiling point, allowing the milk to stand a few minutes between 
the two heating intervals. Upon four of the batches the viscosity 
was determined in the condensed product just as soon as cooled 
after condensing, and finally after sterilizing. In all cases the 
various products were all reduced to equal temperatures before 
determining the viscosity. The average results are given in 
Table 144. 


TABLE 144. 
Viscosity Changes in Products Used to Make Evaporated Milk. 


Name of product and stage in Ho: o Viscosity at 75° F. in terms 
process of manufacture ea ome of degrees of retardation. 
tested 
Fresh milk before heating 8 15.24 
Fresh milk after heating 8 15.26 
After condensing and cooling. 
Before sterilizing. 4 20.20 
Evaporated milk just after 
sterilizing 4 150.00 


The above results show that there is no practical or measurable 
difference in the viscosity between the fresh milk before and after 
heating in the hot wells when reduced to the same temperature 
and composition basis. The viscosity is only slightly increased 
by condensing, taking into consideration the increased total 
solids. The large gain in viscosity occurs in the sterilizing opera- 
tion. This is closely associated with the coagulation of the casein 
‘and albumin. 
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VARIATIONS IN VISCOSITY OF EVAPORATED MILK. 

The viscosity of a considerable number of cans of evaporated 
milk, of the same and of different brands as found upon the 
Chicago market was determined by one of the authors® using the 
Mojonnier-Doolittle viscosimeter. The results of these determina- 
tions are given under Fig. 172. 

The viscosity is expressed in terms of degrees of retardation, 
as indicated upon the left hand column. The round spots indicate 
the tests of the respective samples. Where more than one sample 
of the same brand was tested, they are connected with the 
straight lines. A total of fourteen brands was tested, and the 
same are indicated by the number upon the top of Fig. 172. 
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Fig. 172. Viscosity of Evaporated Milk. 


The above results indicate a considerable variation in viscos- 
ity in most cases as between both the same and different brands. 
This fact obtained notwithstanding a close agreement in composi- 
tion. The majority of the samples had a viscosity that was well 
within the ranges that constitute a good commercial product. 
Several of the samples had such excessive viscosity that the 
product would have curdled when added to coffee. Viscosity is 
a physical condition that can be influenced in several ways. 
Shaking the milk will reduce it. This is purely a mechanical 
result, whereby the large coagulated masses are disintegrated into 
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smaller particles. Viscosity is also greatly reduced by age, 
especially if the product is stored at a comparatively high temper- 
ature. In this case the change is caused by chemical action the 
nature of which is not understood, but it is probably based upon 
the fact that some substances contained in the milk react upon 
the coagulated casein and albumin, and cause them to return into 
solution. 


The Function of Shaking and its Influence Upon the Viscosity 
in the Manufacture of Evaporated Milk.—The practice of shaking 
evaporated milk after sterilizing is as old as the industry. The 
two most common types of evaporated milk shakers are illus- 
trated under Figs. 173 and 174. 


Fig. 173. Fort Wayne Shaker. 
Courtesy The Engineering Co. 


Evaporated milk after sterilizing frequently has a wide range 
of viscosity, especially in plants where the sterilizing operation is 
not carefully standardized. The purpose of the shaking operation 
is to destroy the excess of viscosity over that desired, and to 
reduce it all to certain standard, with the aim of making the 
entire output of the plant of uniform viscosity and of a homo- 
geneous appearance. 

The shaking operation is one of great importance, and one 
that needs to be well understood, and intelligently applied in 


practice. 
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Vel ee 
The influence of excessive shaking upon the viscosity is shown 
by the following experiment, as given in Table 145. 


TABLE 145. 
No. of Viscosity after Viscosity after Viscosity after Viscosity after 
Samples | Shaking to Correct |Shaking half Minute Shaking Three Shaking Nine 
Standard {too Much Minutes too Much | Minutes too Much 
2 80 57 45 38 


The above results show plainly how viscosity is destroyed by 
shaking. The higher the temperature of the evaporated milk at 
the time of shaking the more viscosity will be destroyed, and the 
greater will be the danger of excessive shaking. Evaporated milk 
that is very cold is much more difficult to shake properly than 
that at ordinary or at warm temperatures. The best results in 
shaking are obtained and the danger of overshaking is more easily 
avoided if the shaking is done at ordinary temperatures. 


Fig. 174. Berlin Shaker, 
Courtesy Berlin Canning Machinery Works. 


Influence of Resterilization in Restoring Lost Viscosity.—Vis- 
cosity is a physical property that can be produced, destroyed and 
reproduced in several ways. The simplest method is by re- 
sterilization whereby the milk is subjected to only a fraction of 
the heat applied in the original process. 


The average results of ten careful tests were as follows, in 
terms of degrees of retardation :— 


Viscosity after goods were first finished.... 

Viscosity after destroying part of original vis- 
cosity by shaking, and before resterilizing.....30 

Viscosity -aiter = resterilizing haus .aiy quem nee 
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The original viscosity was not completely restored, due largely 
to the failure in not resterilizing the milk at a temperature high 
enough to restore it. 


Influence of Storage Temperatures and of Immediate and Sub- 
sequent Shaking Upon the Viscosity of Evaporated Milk—The 
handling of evaporated milk after sterilization varies in many 
particulars in practice. When shaking is necessary this is usually 
done soon after the product leaves the sterilizer. Also the 
temperatures at which the milk is handled between the time 
of sterilizing and the time of shipping, as well as between the 
time of shipping and the time when the product reaches the 
consumer, range between wide limits. The plan of holding the 
freshly sterilized product in a so-called hot room is a practice 
that is still being followed. Likewise the shaking is not a 
standardized operation. 

A series of very careful experiments were performed to study 
the influence of the above factors upon the viscosity of evaporated 
milk. The results are given in Table 146. 


TABLE 146. 
Changes in Viscosity of Evaporated Milk Under Different Storage 
Temperatures. 
Viscosity in Degrees Percentage 
No. of Retardation Loss in 
Storage Conditions Samples Viscosity 
YARICNEN elo eer Seer ae ee Ee Due to 
Before After Storage 
Storing Storing |Temperatures 
In hot room 14 days at 79° Pe... neces. ss 8 80 63 20.25 
In) hot room) 28:daysiats(9> Bios leas ciel <2. 8 80 54 32.50 
In hot'voom J10'days at 79° Fw... 25-22. ane 8 80 33 58.75 
In hot room one week, and then at ey 
temperatures, 69° F. for 7 days.. Mie 8 80 68 15.00 
In hot room one week, and then at ordinary 
temperatures, 69° F. for 21 days............ 8 80 60 25.00 
Tunes room one week, and then at ordinary 
temperatures, 69° F. for 103 days........... 8 80 48 40.00 
In hot room one week, and then in cold room 
Gh 45° Ro fore days. cseedee es eo, 8 80 73 8.75 
In hot room one week, and then in cold room ‘ 4 
BtrAD He for QIN ays wate pesirerirentenasterece atts ols 8 80 75 6.25 
In hot room one week, and then in cold room 


ALAS? He Lor LUG Ladys seeternettelel eetaie ssnete clare 8 80 a 11.25 
no ES 
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The results in Table 146 show clearly the large influence that 
storage temperatures play upon the viscosity of evaporated milk. 
The average percentage loss in viscosity at the end of 110 days 
was as follows: 


Wile etoredsata Gack. mace. te a ee 58.75 per cent. 
Whenstoredsat: 090 He. aisle nate an 40.00 per cent. 
Wien stored:at 40° °Mie5. 2. «.oea2%. 2 11.25 per cent. 


The above facts are of great practical significance since viscos- 
ity is so important a factor in the merchandising of evaporated 
milk. 

In view of the fact that evaporated milk loses so much in 
viscosity upon aging unless it is stored at low temperatures the 
most uniform final results can be obtained if the shaking is done 
at the end rather than at the beginning of the storage period. 
The length of the shaking period can be reduced to allow for 
the viscosity that was destroyed due to storage influences. 


THE DETECTION OF SPOILS IN EVAPORATED MILK. 


Spoilage that develops in evaporated milk after condensing 
and before sterilizing is caused almost entirely by the use of too 
high holding temperatures. Evaporated milk that is to be 
promptly sterilized after filling the same day that is is condensed 
should be cooled to at least 60° F. When held for 24 hours it 
should be cooled to 44° F. For 48 hours to 40° F. It is never 
advisable to hold it more than 48 hours between the time of 
condensing and the time of sterilizing, but if this should ever 
be necessary the holding temperature should be reduced to about 
34° FB, 

Spoilage after sterilizing evaporated milk divides itself into 
three main classes as follows :— 


(1). Spoilage due to leaky cans.—This is caused by defective 
tin plate, or by improper soldering of the seams. Spoilage of 
this kind is almost invariably attended with lactic acid develop- 
ment and it can be thus readily recognized. It is universally 
recognized that the optimum temperature of growth of the 
great majority of lactic acid is about 68° F. Large leaks will 
manifest themselves in from 24 to 48 hours at room temperatures. 
Minute pin holes, that can be detected with the naked eye only 
with great difficulty, will show spoilage only after a considerably 
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longer time regardless of whether the storage temperature is 68 or 
97° F. When the cans used are manufactured by a responsible 
concern, and if the same are well sealed after filling, the spoilage 
due to defective cans may be reduced to a minimum, and it should 
not exceed two cans per 1000 packed. 

Granting that the can supply is of high quality, spoilage due 
to leaky cans is most readily detected if the sterilized product 
is kept at room temperatures. Nothing can be gained in helping 
to develop spoilage if higher storage temperatures are used. 


(2). Spoilage due to under-sterilization—This is caused by 
errors in processing, or by the use of unsafe sterilizing records. 
At the present state of knowledge of this science, spoilage losses 
due to under-sterilization are completely avoidable. By following 
the recommendations contained in this chapter, losses due to 
under-sterilization, barring accidents, can be completely pre- 
vented. 

Spoilage of this kind manifests itself at ordinary temperatures 
in from four to seven day after the sterilizing operation. The 
use of higher storage temperatures will not, as a rule, expedite 
spoilage of this nature. 

(3). Spoilage due to all other causes.—None of these are 
influenced by the temperatures at which the sterilized milk is 
held. Included under this heading can be mentioned a number 
of kinds of spoilage occasionally encountered. Coagulated lumps 
or balls of casein—this is usually due to the presence of zinc 
chloride flux inside of the can. Coagulated specks or masses of 
casein scattered more or less throughout the entire can—this is 
caused by improper shaking; uneven or excessive sterilization, 
and improper methods of forewarming the milk in the hot wells. 
Fatty separation sometimes develops after the milk has aged— 
this is due to the improper homogenization of the unsterilized 
product. With the homogenizer in good condition, and under 
operating pressures of 2000 to 3000 pounds, spoilage of this 
nature should be completely avoided. 

FACTORS THAT INFLUENCE THE QUALITY OF EVAPORATED 
MILK. 


The separation of calcium citrate in evaporated milk.—After 
evaporated milk has aged for a considerable time there appears 
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upon the bottom of the cans, white, gritty sand-like particles, 
which are lime salts of citric acid or tricalcium citrate, Ca, 
(C,H,6,).+4H,0O. It is more easily soluble in cold than in hot 
water; and it, therefore, precipitates from dilute, boiling solu- 
tions. Much remains to be learned regarding this substance in 
milk, and many conflicting statements regarding it appear in the 
literature. It is illustrated under Fig. 175. 


Fig. 175. Calcium Citrate Taken From Cans of Evaporated Milk. 


® 


A sample of unheated skim-milk was condensed over sulphuric 
acid about three volumes into one volume, without applying any 
heat. A lump of thymol was added, and the condensed product 
sealed and stored at about 85° F. for about three months. A 
considerable amount of calcium citrate was found deposited upon 
the bottom of the container at the end of the observation period. 
This proves that the separation of the calcium citrate is inde- 
pendent of the temperature used in sterilizing. 


There are several factors that influence the separation of 


calcium citrate in evaporated milk. The principal ones are as 
follows: 


(1). Variations in the calcium and citric acid content of 
milk.—It is well established that both calcium and citrie acid 
(probably all combined with a base) vary in their content in milk 
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between relatively wide limits. The increase in mineral con- 
stituents is especially marked as the period of lactation advances. 
This is one explanation as to why the deposits of calcium citrate 
in evaporated milk cans vary so much, there being considerable 
differences in the total quantities found in different cans of very 
similar total solids content. . 


(2). Degree of condensation Obviously the larger the 
amount of total solids, especially milk solids not fat, the greater 
will be the quantity of lime salts available for separation. This 
is astrong argument in favor of a reasonable total solids standard. 


(3). Storage temperatures.—The separation of lime salts in 
evaporated milk under different temperatures of storage was 
very carefully studied. Twenty seven samples were kept under 
observation for about four months. Evaporated milk stored at 
about 85° F. for one month or more, showed large amounts of 
fine particles and many large particles of grit. At about 68° F. 
at the end of from 78 to 110 days there was a considerable amount 
of large particles. At 45° F. there was no separation whatever 
at the end of four months. The above findings are in keeping 
with the fact that the solubility of calcium citrate decreases as 
the temperature increases. After precipitation has once occurred 
the particles do not return into solution even when the tempera- 
ture is dropped under the usual conditions of handling. The 
product usually reaches the consumer with the largest part of 
the calcium citrate that separated out at any time still present 
in it. 

(4). Affect of viscosity—This factor was also studied by 
means of many careful experiments. Viscosity was found to have 
no effect upon the separation of calcium citrate in evaporated 
milk stored at 45° F. or less. Samples from the same batch in 
which the viscosity had been reduced about 57 per cent by exces- 
sive shaking were as free from precipitation at the end of four 
months as the samples which had not been shaken, and which 
contained excessive viscosity. Upon the other hand, samples of 
evaporated milk which had been stored at either 68° or 85° F., 
in all cases those samples which possessed the lowest viscosity 
were the ones which showed the most separation. The lower 
viscosity apparently favored the growth of the particles. 
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It follows from the above that the temperature of storage is 
one of the most important factors controlling the separation of 
calcium citrate. The higher the storage temperature the more 
will separate or vice versa. 


FACTORS THAT INFLUENCE COLOR IN EVAPORATED MILK. 


The color of evaporated milk is important as affecting its 
commercial value. ‘Too little color is usually a sign of under- 
sterilization. Too much color may greatly impair its commercial 
value. The principal factors that influence color are the 
following :— 


(1). The color of the fresh milk—The color of fresh milk is 
normally subject to many fluctuations throughout the course of 
a year. Palmer and Eckles* have proved that this is due to 
distinct pigments dissolved in both the milk fat and in the milk 
serum. The pigments causing coloration in the fat, are the same 
as those found in green plants, and are known as carotin and 
xanthophylls, and their presence in milk is due to the fact of 
their absorption in the body of the cow, and their subsequent 
secretion in the milk. The coloration of the milk fat is largely a 
feed characteristic. 

The pigment causing coloration of the milk serum is known 
as lactochrome, and its general characteristics are identical to 
the pigment contained in normal urine. The researches of Palmer 
and Coolidge™ prove this to be a breed characteristic—the milk 
of Jerseys and Ayrshires containing it much more abundantly 
than that of Shorthorns or Holsteins. 

The coloration due to the milk fat is by far the more important. 
In the manufacture of evaporated milk it is during the spring 
and summer months that the color of the finished product is 
increased because of the color of the fresh milk. The sterilizing 
time should be kept at a minimum, and the cooling promptly 
finished in the sterilizers. 


(2). Concentration—The more the fresh milk is condensed, 
the more color the freshly condensed product will contain. The 
increase in color due to concentration is very slight. 


(3). Sterilization—The sterilization process exerts a great 
influence upon the color of evaporated milk. The higher the 
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temperature and the longer the time, the greater will be the color. 
The increase in color is due to the action of the heat upon both 
the protein and the milk sugar. The exact changes that occur 
are not clearly understood at present. 


(4). Storage temperatures.—In careful experiments it was 
ascertained that evaporated milk stored at 85° F. increased in 
color very rapidly and very greatly. At the end of four months 
at 68° EF. there was also a marked increase in color, while at the 
end of the same time at 45° F. the increase in color was very much 
less marked. A satisfactory color can therefore be maintained 
much longer if the evaporated milk is stored at a low temperature. 


The Titratable Acidity in the Various Stages of the Manu- 
facture of Evaporated Milk.—The acid content as measured in 
terms of titratable acidity varies in several interesting particulars 
in all stages of the manufacture of evaporated milk. The cause of 
these changes are not fully understood. The average results of 
13 very careful tests are given in Table 147. 


TABLE 147. 
Titratable Acidity in Evaporated Milk at Various Stages. Average Results. 


Percentage of 
Name of product titratable 
acidity 

ini fresh mille before Heating, (220. ...0-50.0.05.9sn230- oy 
In fresh milk after heating in the hot wells............. lB! 
In freshly evaporated milk before sterilizing............. 32 
In evaporated milk after) sterilizng. .........-...<2+.0.- 39 
In evaporated milk after storing for four months at 45° F. 39 
In evaporated milk after storing for four months at 68° F. 40 
In evaporated milk after storing for four months at 85° F. 43 
In evaporated milk after storing for one year at room 

UCM PICTUS. «ving Goo on AM oon 10s acter O00 COD Heanor 45 
In evaporated milk after storing for two years at room 

UMMC oon oecencadenasucnobo sno oUoe Caos MONT 50 
In evaporated milk after storing for three years at room 

TOM Peravurese ce wemeys ie ores ieee cress eieetierel ers 55 
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As the above typical results show, there is first a decrease in 
titratable acidity upon forewarming the milk in the hot wells. In 
the evaporated product there is a gradual increase at every stage. 
High storage temperatures are especially favorable to the pro- 
duction of an increase in the titratable acidity. Dr. H. S. Grindley 
and his associates at the University of Illinois in their researches 
upon the cooking of meat proved that the coagulation of the 
protein constituents of meat by heat is accompanied by a con- 
siderable increase in the titratable acidity. In the case of 
evaporated milk an increase in titratable acidity during the 
sterilizing process is no doubt closely associated with the coagu- 
lation of the protein constituents. Why the acidity should 
increase with age, or the kind of acidity that is produced under 
the conditions named, are both unsolved problems. 


The Influence of Freezing Temperatures Upon Evaporated 
Milk.—It occasionally happens that during transportation or in 
warehouses evaporated milk becomes frozen. A careful experi- 
ment was made to determine the effect of freezing. Duplicate 
samples from fourteen different batches of evaporated milk were 
taken. In one set the viscosity was determined at once. The 
second set was kept frozen continuously for sixteen days and 
nights, at temperatures ranging from 10 to 84° F. The samples 
were then kept at room temperature of about 69° F. for twenty- 
two days, at which time they were tested for viscosity and their 
physical condition carefully examined. 


The average viscosity before freezing was 80° retardation. 
After freezing and thawing as above it was 81° retardation, show- 
ing practically no change in viscosity. 


There were no traces of fat separation, but all the cans con- 
tained small amounts of brownish watery separation upon their 
bottoms. This watery part was readily reincorporated upon 
shaking the can. The texture of the milk was normal in all 
respects. Evaporated milk which has been frozen if handled 
as described in the above experiment can be restored to a com- 
pletely normal condition, without loss or detriment. 
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VISCOSITY AS RELATED TO THE FEATHERING OR CURDLING 
OF EVAPORATED MILK IN COFFEE. 


The practice of adding evaporated milk to coffee to study its 
solubility in the latter is an old one. The conclusion usually 
reached being that if the milk curdles, either the milk has too 
much acidity, or that something is wrong with the coffee itself. 
Upon the other hand, if the milk dissolves smoothly in the coffee, 
it is assumed that the milk does not contain an excess of acid and 
that nothing is wrong with the coffee. 

The following experiment was made to establish the exact 
facts in the case. Samples were taken from each of two batches 
of evaporated milk. The samples from both batches varied 
greatly in viscosity. This was owing in part to the fact that the 
sterilizer in which these samples had been sterilized did not 
cook the milk uniformly, due to one of the end plugs being 
out of one of the steam distributing pipes, and also to the fact 
that some of the samples were purposely shaken in order to 
reduce the viscosity thereof. Batch No. A tested 7.99 per cent 
butter fat and 26.26 per cent total solids. Batch No. B tested 
7.89 per cent butter fat and 25.65 per cent total solids. 

The viscosity was determined upon each can by means of the 
viscosimeter illustrated under Fig. 140. The viscosity is ex- 
pressed in degrees of retardation as indicated upon the dial which 
is graduated from 0 to 360. The greater the viscosity, the larger 
numerically is the degree of retardation. 

Three cups were filled with hot coffee, hot water and cold 
water respectively. The spoonful of milk from each sample was 
added in turn to each cup. The results obtained are given in 
the following table. 

The following conclusions are drawn from the above ex- 
periment :— 

1. Hot coffee has no merit over cold or hot water as far as 
indicating the tendency of evaporated milk to curdle. The 
amount of eurd formed was practically alike in all cases. 

2. The formation of curd when evaporated milk is added to 
coffee is due entirely to an excess of viscosity. In the same and in 
different samples of evaporated milk where all factors were alike 
excepting viscosity, the tendency to curdle was always evident 
in the presence of excessive viscosity. 
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TABLE 148. 
Comparison of Curdling Effect of Coffee and of Water on Evaporated Milk. 


: Viscosity Results after adding one tablespoonful 
Batch|Samplelat 75° F. evaporated milk to 1 pint:— REMARKS 
Date No. No, | retarda- |—————_@——_,—____ | —_ 
tion Hot coffee Hot water Cold water 

2-24-19...) A u 173 | Curdled badly Curdled badly Curdled badly Heavy viscosity 
from sterilizer. 

2-24-19...] A 2 59 | No curd No curd No curd Light viscosity 
from sterilizer. 

2-24-19...) A 3 68 | No curd No curd No curd Light viscosity 
from sterilizer. 

2-24-19...) A 4 70 | No curd No curd No curd Shook to reduce 
viscosity. 

2-25-19...] B 5 53 | Nocurd No curd No curd 1 Light viscosity 
from sterilizer. 

2-25-19...| B 6 201 | Curdled badly | Curdied badly Curdled badly Heavy viscosity 
from sterilizer. 

2-25-19...] B 7 117 |Curdled slightly] Curdled slightly | Curdled slightly | Shook slightly. 

2-25-19...| B 8 84 | Nocurd No curd No curd Shook just right 
amount. 

2-25-19...) B 9 15 | No curd No curd No curd Not sterilized. 


3. The tendency to curdle can be entirely prevented by 
destroying the excess of viscosity by shaking the evaporated milk 
in the cans after sterilizing. 


Influence of the Method of Cooling Upon the Color and Vis- 
cosity of Evaporated Milk.—The method of cooling employed at 
the sterilizers at the end of the sterilizing operation is most 
important as affecting the physical properties of the finished prod- 
uct. When water is used in the sterilizers a standard method 
should be followed in forcing the water out of the sterilizer at 
the end of the run. If the sterilizer outlets are sufficiently large 
the water should be all forced out within two or three minutes 
after shutting off the steam. The cooling water should be turned 
ou as soon as the hot water is all out, or within two or three 
minutes after the steam has been turned off. When steam only 
is used, the cooling water should be turned on the instant that 
the steam is turned off. The hot water produced during the first 
stage of the cooling period should be allowed to run immediately 
into the sewer. The sewer valve can be closed after about five 
minutes, and the cooling completed in a total of about fifteen 
minutes, or until the milk attains a temperature of about 75° F. 


The influence of the method of cooling as studied by careful 
experiments. Samples from the batch immediately after steril- 
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izing were cooled as indicated in Table 149. The color and the 
viscosity were noted in all cases. 


TABLE 149. 
Color and Viscosity of Evaporated Milk Under Different Methods of Cooling. 


Number of Average viscosit 
A ] g OS1 Nf 
batches Method of cooling ee - Sete at 75° F. re- 
tested : tardation 


Cooled in 6 to 10 min- 
9 utes to 52° to 59° F. Excellent color 80 


Cooled in 20 to 25 
minutes to 92° to) Color much darker 
9 1A Oe, than above 70 


The above results prove that slow and incomplete cooling in 
the sterilizers greatly increases the color. Batches that show 
excessive viscosity when sterilized may be further damaged by 
incomplete cooling, since they will take much longer to air-cool 
than the batches that are of low or of proper viscosity. This is 
due to the fact that coagulated milk is a poor conductor of heat. 


The small differences in viscosity were in favor of the milk 
which had been rapidly cooled. In the majority of cases this 
difference was still apparent after the goods had been kept in 
storage for about four months. 


GASES IN EVAPORATED MILK CANS. ~ 


Baker™ studied the gases in the air space of hermetically 
sealed cans containing various sterilized foods including evapo- 
rated milk. He never found more than three gases,—‘‘Carbon 
dioxide, nitrogen and hydrogen. Very often no hydrogen is 
found. Oxygen is practically never found. Changes in tempera- 
ture of these cans produce changes in gas pressure. At 85° F. 
we may have a well puffed can, at 60° EF. one in which there is 
practically no pressure, and at 45 to 50° there will be a vacuum. 
These changes occur with a decrease of temperature because the 
gas itself contracts, the solid and liquid contents of the can 
contracts and the solubility of the gas increases.’’ 
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‘‘The oxygen disappears in at least the three following man- 
ners. (1). By combining with the metals forming tin and iron 
oxides. (2). By oxidizing tin or iron salts. (3). By combining 
with nascent hydrogen when organic acids act on the metallic 
container.’’ It is also probable that oxygen combines directly 
with the fat contained in evaporated milk, and some of it may be 
taken up during the carmelizing that occurs when processing 
evaporated milk. 


The solubility of carbon. dioxide at various temperatures is 
shown in Table 150.* This has an interesting application in con- 
nection with evaporated milk, whenever sodium bicarbonate is 
added to reduce the coagulating point. The more carbon dioxide 
that may be contained in the milk, the greater will be the danger 
from bulged can ends, especially during the summer months. 


TABLE 150. 


Solubility of CO, in Water. 1 Volume H,0 at T° and 760 mm. Dissolves 
V Volumes CO2 Gas Reduced to O° and 760 mm. 


ue ™ 

Cc F v Cc F Vi 

0 32 1.7967 7 44.6 1 1.0321 
1 33.8 1.7207 8 46.4 1 1.0020 
2 35.6 1.6481 9 48.2 1 0.9753 
3 37.4 1.5787 10 50.0 it -9519 
4 39.2 1.5126 11 51.8 1 .9318 
5 41.0 1.4497 12 53.6 1 -9150 
6 42.8 1.3901 13 55.4 1 -9014 
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CHAPTER XX 
SCORE CARDS FOR THE DAIRY INDUSTRY 


INTRODUCTION. 


For a number of years it has been customary in judging 
butter and cheese to print on a card the factors that contribute 
towards quality in these products and to give a numerical val- 
ue to each factor. The cards also contain space for other neces- 
sary data, and are called score cards. They have contributed 
toward systematic work in scoring and help to bring into prom- 
inence the factors that control quality. In this way score cards 
have been of considerable educational value. They also form 
a concise record that may be filed for reference. 

The score cards are now also used in judging milk, cream, 
and to a limited extent ice cream, and they have been applied to 
the scoring of dairies and market milk plants. Their proven 
merit make it appear that they will be of similar value in judging 
all the other newer milk derivatives. Examples of score cards 
now in use are given in this chapter and others are devised 
for use in scoring products where they have not heretofore been 
applied. 


DEVELOPMENT OF THE DAIRY SCORE CARD. 


MILK: The first public attention given to the quality of 
milk in this country was in reference to its chemical composition. 
It resulted in the enactment of laws against adulteration, the 
first of which was passed by the state of Massachusetts in 1856}. 
Other states later enacted similar legislation and systems of in- 
spection were developed and laws enforced. When the science 
of bacteriology demonstrated that disease was largely due to 
pathogenic organisms and that milk, if not properly safe-guarded, 
might serve as a carrier of them, regulations controlling the san- 
itary quality of milk during its production and distribution were 
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developed and enforced by state and local communities, espe- 
cially the larger cities. 

The enforcement of these regulations was difficult when the 
work was in the period of development and few persons were 
properly trained to serve as efficient inspectors. Fortunately 
from the beginning, the methods of enforcement aimed to be 
educational and constructive, rather than arbitrary and oppres- 
sive. 

The leaders in dairy schools and officials responsible for the 
enforcement of regulations established by Boards of Health, soon 
recognized the need of a synopsis of the salient points that 
govern the sanitary production and distribution of milk. Much 
thought and study was given to the development of such an 
outline which finally resulted in bringing forth the dairy score 
eard. 

The score card for the dairy is a systematic arrangement 
and rating of the points and conditions of importance in the pro- 
duction of clean milk. It is detailed in character giving credit 
to each conditicn according to its merit, a total score of 100 in- 
dicating perfect. 

In making an inspection it is sometimes preferable to record 
on a question sheet the data necessary for determining the score. 
The inspector may then make out the score card from the record 
on the inspection sheet after returning to his office. The use of 
this method assists in avoiding arguments with proprietors who 
may be inclined to take exceptions to the score allowed when 
it is recorded in their presence. 

The following milk inspection question sheet used by the 
Department of Dairy Industry of the New York State College 
of Agriculture, and score cards from other sources, for the farm 
dairy and milk distributing plants serve as illustrations. 


New York State College of Agriculture at Cornell University 
DEPARTMENT OF DAIRY INDUSTRY 


MILK INSPECTION QUESTION SHEET. 
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No. cows in herd........ Milking........ Nonstallsvn.. Otsamil keers: Cans or bottles........ 
Name of family physician .............-..-.--ssssscsscscesscssescesenseneresensenecseeneensnnenncesscsccsensneesenaes 
ANU ee FvONUG LOO A ce te ne ee eee WICEMSOUIN Ont rersraeeereran seen 
Reporte DY ia: ce rates ee AG) milking timme,?2 2s IOUT eens M. 
EQUIPMENT. 

I Cows. 

Do all cows appear healthy ?........0.......-.-.-see0--+- 

\WVINEM Enea) CHS (AMOS CLE CUI oe ecceree teers east heaes cece orcon eee eecor-co ee 

PAT CMG CELSO UIC (eeeeenes eee ere eee 

Are cows tuberculin tested 2... eececeseees 

Daterorslastateste ssn Cnn. By swhom! tested)? tases seer see 

Number of cows added to herd since last test. 

> § Rousha ge: a0 tse e ee ake, eee 

Kinds of feeds used, [Concentrates eicne-iee deeb dhelcts 

Are! theyaots good: quality: eee aes 

Method of watering............ Cleanliness of trough and surroundings... 


II. Stables. 


Construction of ceiling...Walls...Are ceiling and walls smooth and tight? 


Construction of floor 


Apne Rene teeny States Ok repairs es ee eee eee 
Size of stable, length... Width ieee ce oneee CLO Geers 
Sizevotestallislensthi. eee Wild ths siye) onceen fog tee 
Kind foie tance hl One i aan eee Koind Fon nan Ces eee eee eee 


ind mobebed din oe uscd ae ene 
Cubic feet of air space per cow 


Nimperm and esi7enolmwindOwsertse-) ae tan eee a ee ee Toe ee 
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III. Utensils. 


Are all utensils well constructed and comparatively easy to clean?.......... 
BGM Fore Tits yo eile Cl eee eee ee oe 

Is AN Va COOLEERUSCC.) ae neem nner USGh 16 Wie ener Ona als es nal aee oo 
Are there any facilities: for sterilizing utensils? asus ene 
VV ab aver ea tl Gye tse ewes meee emer ie ne Nee ENN RG. ca any Ok aes nie 
Wihereyarels the yi): strsne mete oe ee Mer EOD. SON IW Sw Ween Caen mis lS 


IV. Milk Room or Milk House. 
GOCATIONS, Soe iss Stk nee MO MERR DEG ARERR] 2 ae OL ONS Sy OD el ac Wap Pe 


Is milk house near any source of contamination, such as pig sty, privy?.. 


is}milks houses well?drained }j2 ee ee 
Construction loon se Nielsen eoeae Ceilinge ee es 
Sita emo l MCC a Lit ie mae eect ees meen ain ees eee 
Isphouses well lightediaee snes Nentilateditswritss ec etn 
Are windows provided with screens ?_.......u....eseceeeeeoee 
Are there separate rooms for handling milk and washing utensils?.......... 
METHOD. 

1, Cows. 
Where sareccowstkeptuwhenwsicka/ smears ante epee minty, nee gee nee 
ANS CONS HORS WRONG OUD ee eee 
How: ares cowsclesmed ji ree meee ey epemertcre ts, eae Tene Mee rees Nd cece o 
Howsoftentare) cowsacheat cls tay wen me teir cay coc ctessee ws cnr ee = anne me yore ene A 
How long before milking are cows cleaned ?................-::0--+ 
Are udders washed or wiped with damp cloth before milking?...... 
Are udders and flank clipped ?............ eee ELON O.LUC DL eee eerie meena 


II, Stable. 


Tetstalblexcloam (icssssmren teres 

Is there dust or cobwebs on ceiling? 0... hedges Geers 
Is there old dried manure on floor?.... Walls?.... Mangers or partitions?.... 
Is stable White waste dimes mm wy es reens. EO Wi OLLOT I ie ieee nee etre 
Is stable air free from dust and dirt? oo o.......::..tcsc- 


Ta stablomtreGwino mriles teeta erm ee ottawa rere tecesrn aac 


III. 


IV. 


Score CARDS 


Tsp barniyar dec leans ssaenet ee eae Well drained... 
How often is manure removed from stable?_......W.. 
How far is manure removed from stable?........000...-.-.- 


Is pasture free from mud-holes or stagnant water? 


Milk Room. 


Utensils and Milking. 


Are utensils clean? 


How are utensils cared for after milking? 
PATemmail Kensi hea b liv) s aaa a ements 
Do they milk with clean, dry hands? 


Do they wear special over-all suits? : 


How soon after milking is milk cooled 
To how low a temperature is milk cooled? 


To how low a temperature is milk stored? 


How is milk protected during transportation to market? 
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SCORE 
EQUIPMENT 
Perfect} Allowed 
cows 
eal thie aero ieee cre 5 Gite 
Apparently in good health. .1 
Uf tested with tuberculin with 
in a year and no tuberculo- 
sis is found, or if-tested.with- 
in six months and all react- 
ing animals removed. . .-.5 
(If tested within a year and 
reacting animals are found and 
removed, 3.) 
Food clean and wholesome .. . ee 
Water, clean and fresh... .. . i RS eS 
STABLES 
Location of stable . 2... 2... - AN ese 
Wellidrained) 775 ..1.'. cap! 
Free from contaminating sur- 
TOUNGINGS 4 21 sels cs a cnt ok 
Construction of stable. ..,. Alone areoan 
Tight, sound floor and proper 
UCC T pe arel ot colts te tether apes 2 
Smooth, tight walls and ceil- 
ay detrei Meas ee I 
Proper stall, tie, and manger . 
Provision for light: Four sq. ft. 
of glass per cow... . rN es ee 
(fhree'squft.,, 3.5 2 Sq. ft., it 
sq. ft., 1. Deduct for uneven ee 
tribution.) 
Bedding. <1. -)5 << Soneutacr I 
Ventilationiucmcacici ism mementent 7 


Provision for fresh air, control- 
lable flue system . .. 3 
(Windows hinged at bottom, 
1.50; sliding windows 1; other 
openings .50). 
Cubic feetzof space per cow, 
EOOR RSS 2S hbo bee Ceo O 
(Less than 500 ft., 2; less than 
490 ft., 1; less than 300 ft ,.o). 
Provision for Cotirenicg tem- 
perature. ..... cee I 


UTENSILS 


Construction and condition of 
STE A es Gee aoa 6 Sieh. it 1 
Water forcleaning........ I 
(Clean, convenient and abund- 
ant.) 


Small-top milking pail.. 4... 5 
WP eree and at oo GO ORG I 
Clean milking suits.... .. 1 


MILK ROOM, OR MILK HOUSE 
Location free from contaminat- 

ing surroundings... ... : l 
Construction of milk room... 2 

Floor, walls and ceiling... .1 

Light, ventilation, screets. . 1 
Separate rooms for washing 

utensils and handling milk. 1 


Facilities for steam (Hot wat 


tero.5),.- - ae * 1] 


Total. Sheik weak 40 


METHODS 


Cleantech cern 
(Free from visible “dirt, 6) 


STABLE 
Cleanliness of stable. ...... 
Bloot 3 Anis. « wiceh eis sa ieiiieis 2 
Walls... 3. O owe oo ona I 
Ceiling and ledges ...... I 
Mangersand partitions. . . .1 
Mindowsity «pcre ats sans fof 


Stable air at milkingtime.... 
Freedom from dust. ..... 3 


Cleanliness of bedding... ... 


BACBYArd ps celal teres ane 
Cleanya 50s ais cece ey omens I 
Wellidrainedt cue. aici ele I 


Removal of manure daily . 
To 50 feet or more from 
stable. 


MILK ROOM OR, MILK HOUSE 
Cleanliness of milk room... . 


UTENSILS AND MILKING 


Care and cleanliness of utensils . 
Thoroughly washed. . 5 te 
Sterilized in steam for 15 
MOTUNICES yee eet tel eee 3 
(Placed over steam jet or scald- 
ed with boiling water, 2.) 


Protected from contamination . 3 


Cleanliness of milking... ... 
Clean, dry hands 
Udders washed and wiped . .6 
(Udders cleaned with moist 

cloth, 4; cleaned with dry cloth 

or brush at least 15 minutes be- 

fore milking, 1.) 


HANDLING THE MILK 


Cleanliness of attendants in milk 
LOOM) eens reise aeeeeisie 
Milk removed immediately from 
stable without pouring from pail 
Cooled immediately after milk- 
ANS CACH COW re ene ei sr eieus) oats 
Cooled below COSA 
(51° to 55°, 43 56° to 60°, 2: iN 
Stored below BOCeH aie 
(51° to 55°, 27 56° to 60°, Te )) 


Transportation below 50° F.. . 
(51° to 55°, 1.50; 56° to 60°, 1.) 


(If delivered twice a day allow 
perfect score for storage and 
transportation.) 


Perfect 


SCORE 


Allowed 


5 |--- - ---- 


Pil hse es 


Equipment---------.-< 


“= Methods isoa-seat=-- = 


Nore I—If any exceptionally filthy condition is found, particularly dirty utensils, the total score may be 


further limited. 


Note 2—If the water is exposed to dangerous contamination, or there is evidence af the presence ofa 
dangerous disease in animals or attendants, the score shall be o, 
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ITHACA BOARD OF HEALTH 


SANITARY INSPECTION OF DAIRY FARMS 


MARKET MILK PRODUCTION 


SCORE CARD 


Indorsed by the Official Dairy Instructors’ Association. 


Gallons of milk produced daily 


Product is sold by producer to families, hotels, restaurants, stores, 


For milk supply of 


Permits Nowe eee Date sOrein spect ion meee cee ere eee ee 192 


Remarks: 


Inspector 
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VETERINARIAN’S SCORE 


Producer Phone 


Total number Cows 


Number Milking 


INumibergen o ap Mil cima cae ee eee ne ere ae ee eee Cause 


INhipaleyse Aivtorrcolbin GS eer ee eres Date 


Toya Ra biG OVS LC itoaeeness ea am ent mae Ta es | SEaE ye PM rae Ca ec tak eee Ae 
{OES AL = enema ee PO Muee ener Bt: ce nt Oe REBORN ee ER NAN ONG DLPUME Ia 0 PONS 
Animal has symptoms suspicious of 


gL EXCNOUH Wid =| phase a es dota Chelan Se ey ee NO ME PE ee TST Re CON eae) 
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UNITED STATES DEPARTMENT OF AGRICULTURE 
BUREAU OF ANIMAL INDUSTRY 
DAIRY DIVISION 
SANITARY INSPECTION OF CITY MILK PLANTS 


SCORE CARD 
OWNET OT), Tia Talo or beet, ta eeeae Walenta db ok ek UR ree ten ie eek 
Street ands Now: 2 qs were eee ee oe ee © Sh Reet eet com ee Ae UO cs 
AGT) ih he Rann RO AIRY PORN A Mn Be Sy SGaiten tei ce a, Se eek ir het See ARR 


| Milk ee 
Nim bertol wacons sass ee ee Gallons sold daily . 

| Creaineee eee esr ks 
Permit: or license Nowe ee 
Datet of inspect oi: eee remeron ee yy AI 


Remarks: 


8—2475 [OVER] 
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—————— 
SCORE. SCORE 
EQUIPMENT METHODS. ie 
Per-| Al- Al- 
fect. | lowed. lowed 
ees Se Se a 
BUILDING: BUILDING scpcec-cccce etecusesscesccs| 2 [secienws 
Location: Free from contaminating Cleanliness 
surroundings.< 9° <7... .ccsecoeceawn bl ARSE 8) ns Caner BC ROOE Ide SCO CO COL OORE 3 
Wallsscececccectmssccscamene ss 2 
Arrangemontecearsssadsacscesses ose T |.enccees @ailings:c: 2 eee ee 2 
Separate receiving room......... 1 Doors and windows.......------ 1 
Separate handling room......... 2 Shafting, pulleys, pipes, etc..... 1 
Separate wash room.......- 1 Freedom from odors........ ------ 2 
Separate sales room.....: 1 Freedom from flies.........-.----- 3 
Separate boiler room..... -1 INPr Am TUS peas os oee en soe aee aos Weal sates ‘ 
Separate refrigerator room.. 1 Cleanliness: 
Construction.........-.----+- Stace na Thoroughly washed and aed 3 
Floors tight, sound, cleanable... 2 Milk-handling machinery. . F 
Walls tight, smooth, cleanable... 1 Pipes, cans, et¢........2-+-- ae 
Ceilings smooth, tight, cleanable. 1 Sterilized with live steam....... 3 
Drainage......--.----------2-22- 2 Milk-handling machinery... 
Floors.....-+-++-+++-++++0+++ 1 Pipes, cans, etc..:.--.-.----- 1 
Sewer or septic tank------2-- as Protected from contamination... 1 
Provision for light..........-..-- 2 Bowers ee eee ee es Ee he 
(10 per cent of floor space.) Thoroughiy washed and rinsed... 
Proviston Zompure ain soscrar=77 2 Sterilized with steam 15 minutes... 3 
Screens... .---.+--++++e0eer-2 +++ 1 Inverted in clean place eat rele 1 
Minimum of shaffing, pulleys, EEARDLING (MUL Rese ee tee ete ae oaan | 22) | saemanes 
Haneets, exposed Dives Ot0==<-. 1 Received below 50° F..........-+- 3 
apres (50° to 55°, 2.) 
(55° to 60°, 1.) 
(Water heater, 1.) Rapidity of handling.....-......-. 2 
Appliances for cleansing utensils Toeedons fea undue exposure to 
ONG DOUMMCS Sac ca csms sie aceenies's 2 ibs ote ee ee 2 
Sterilizers for bottles, ete.......... 2 Cooling ~ Ree as 5 
Bottling machine................. 1 Proniptiess-< 5. eee 2 
Capping machine................-- ul Belowiook eee 3 
Wash bowl, soap, and towel in (45° to 50°, 1.) 
handling room.......----------- 1 Capping bottles by machine....... 2 
Condition-—-....-.—.— sneer nets 6 Bottle top protected by cover -...:-1- 
Milk-handling machinery... 3 Storage; below 45° F............+- 4 
Pipes, couplings, and pumps.. 2 (45° to 50°, 3; 50° to 55°, 1.) 
Cas. -.-----2e+eeeeeeeee enone 1 Protection during delivery.---2.-- 2 
LABORATORY AND EQUIPMENT......... Diocesan Coed in summer) 
‘WATER SUPPLY....... Goewateasnds neces 2 |-----0+- Bottle caps sterilized............-. 1 
Clean and fresh’. .......2..2.ssss00s 00 1 INSPECTION... ---++---++eeeeeeeeeeeseee| 6 feeee eee 
Convenient and abundant........- 1 Bacteriological work............-- 
Inspection of dairies supplying 
IMUless s ccnecteeaciss ercamcecee 
(2 times a year, 2; once a year, 1.) 
MISCELUANEOUS:<.--csseceenaceteeceeecla a4: |occeens . 
Cleanliness of attendants.......... 
(Personal cleanliness, 1; clean, 
washable clothing, 1.) 
Cleanliness of delivery outfit... ... 
Mota lierarsetean ine ineieeince AO |S cemee ste POtale seco seeps teen ae eee se mobeeens 
Score for equipment.----------- plus score for methods --_________. equals Totan ScorE 


Note —If the conditions in any particular are so exceptionally bad as to be inadequately expressed by @ score o 
*‘0” the inspector can make a deduction from the total score. * 7 serv u . 
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THE SCORE CARD FOR DAIRY PRODUCTS. 


The score card for dairy products aims to give an orderly 
arrangement of the points which a good product possesses. It 
places a numerical value on each point and allows space for re- 
cording the grade assigned in scoring each point. There is also 
provided space for the name and address of the producer or ex- 
hibitor, necessary dates, name of inspector or judge and remarks. 


The advantages of a good score card. are (1) its educational 
feature, (2) its influence toward improving quality, (3) it is an 
orderly record that may be filed for reference, (4) it tends to 
eliminate error. 

In marketing and manufacturing, the score of a product in it 
self is usually of prime importance since it is a large factor in 
fixing the market or price value. The score card here serves as 
a record that gives in mathematical terms the credits allowed on 
each factor that influences value. This record may be of con- 
siderable importance when studied for the purpose of improving 
quality. when used as a basis for trading, and in settling disputes 
as to quality. 

The sanitary quality of milk is the most important factor 
affecting its value, as milk cannot be used as a food if it con- 
tains pathogenic organisms or filth. Its chemical composition 
comes next in importance as it governs the nutrient value. Taste 
and odor come next in order, with color, appearance and other 
details last. The following score card illustrates the arrange- 
ment of points and method of assigning credits for retail bottled 
milk.. 


Certified milk: The scoring of certified milk is carried out in 
essentially the same manner as in the case of market milk, but 
the bacteria count is limited to a narrower range and credits as- 
signed accordingly. Also any special guarantees in regard to 
composition must be recognized and the container should comply 
with the regulations for certified milk. . 
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UNITED STATES DEPARTMENT OF AGRICULTURE, 
BUREAU OF ANIMAL INDUSTRY, 


DAIRY DIVISION. 


SCORE CARD FOR MILK. 


Wo ((Kof Seeieretienoanpnas Peet CL  h Nulen "WAN ler dpe gO ee aaa ON AS 
Classy eae LELTLOUCTN Oo Ee 
ITEM. foes Reman. 
Bacteria found per} 
IB acteriaressse-ee eee eee Gee eee rene cubic centimeter [--------------- --- 
Cowy, bitter, mca 
Flavor and odor ___.--.__- 15m bbe eee eee BES FMR eae | So 
Sedimen ti ee De tN ore en a Se, DR ee 
Pats.2 25 eee ees LOW |e ee ee (Pericent =a oe Pn 
Olds motets sees hig ne ort Bos acs) 04 Rea gel Mereed autle ee lee Fe rs toate 
Temperature (street Werner ey ea alt toate Ks 
Samples) seen eee 
or ig | [eescee eras or 
Acidity (prepared sam- Per Conte 0 ewe 
ples) :2-.-2e |) ee i i at ie be 2509 Seas? Sea 
I OU ULG ne aes eee ee ere ee 
Bottle and cap -.----.----- 55M [deere eee 
Cap sein 9) sae ene rae eee SI sd 
NO WAT eee il OO mn | seeere see ecee eee 
ERR VO LOT ee ea NS oe ee a eg eerie 
AO TT ES ree a ans ee aa ee eS ohne gehen 
(Sided yee mam eek ha Peel 2): 
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DIRECTIONS FOR SCORING. 


BACTERIA PER CUBIC CENTIMETER—PERFECT SCORE, 35. 


PorNnTs. 

500 and under 35 
501- 1,000_ 34.9 
1,001- 1, 34.8 
1) 501- 2) 000 34.7 
2; 001- 2 34.6 
2} 501- 3, 34.5 
3, 001- 3, 500 34.4 
3, 501- 4; 000 34.3 
4, 001- 47500 34.2 
4,501- 5,000 34.0 
5, 001- 6, 000 33.8 
6, 001- 7; 000 33.6 
7, 001- 8,000 33.4 
8, 001- 9, 000. 33.2 
9, 001-10, 000 33.0 
10, 001-11; 000 32.8 
11}001-12' 000 32.6 
12) 001-13, 000 32.4 
13, 001-14; 000 32.2 
147 001-15, 000- 32.0 
15, 001-20, 000_ 31.0 

20;'001225 1000 Sun soe = nuena eeae SE EE 30 


ene the number of bacteria per cubic centimeter exceeds the local legal limit the score shall 


FLAVOR AND ODOR—PERFECT SCORE, 15. 


Deductions for disagreeable or foreign odor or flavor should be made according to conditions found. 
‘When possible to recognize the cause, it should be described under ‘‘ Remarks.” 


SEDIMENT—PERFECT SCORE, 10. 


Examination for sediment may be made by means of a sediment tester, and the resulting cotton disks 
compared with standards; or the sediment may be determined by examination of the bottom of the milk 
inthe bottle. Inthelatter case the milk should stand undisturbed for at least an hour before the examina- 
tion. Raise the bottle carefully in its natural upright position until higher than the head. Tip slightly 
and observe the bottom of the milk with the naked eye or by the aid of areading glass. The presence of 
the slightest movable speck makes a perfect score impossible. Further deductions should be made 
according to the quantity of sediment found. When possible, the nature of the sediment should be 
described under ‘‘ Remarks.’” 


FAT IN MILK—PERFECT SCORE, 15. 
Ports. 
5 


2.9 per cent 
Less than 2.9 per cent 


NotTEe.—When the per cent of fat is less than the local legal limit the score shall be 0 


SOLIDS NOT FAT—PERFECT SCORE, I5. 


Powts. 

15 8.2 per cent 
13 8.1 per cent 

ll 3 Per Cen tees oe ee 
2 Less than 8 per cent 


WNotr.—When the per cent of solids not fat is less than the local legal limit the score shall be 0. 


TEMPERATURE (STREET SAMPLES)—PERFECT SCORE, 5. 


POINTs. 
50'degrees F.and below-_..-.---------------- 5 51. to 60 degrees.- =e ae eae sane ek eee s ae 
51 to 53 degrees 4 uA boWei60' degrees sae sae ne eae ee neue eee cee 0 
54 to 56 degrees 3 

ACIDITY (PREPARED SAMPLES)—PERFECT SCORE, 5 

Points. INTS. 
0.2 per cent and less 5 O523 percent. =< = ooo. 52 peepee eee asee “4 Se 2 
0.21 percent_._--_ _- 4 | 0.24 percent______ : 1 
O22 Der COL Uae en ae ere eens 3 Over 0.24 per cent 0 


BOTTLE AND CAP—PERFECT SCORE, 5. 


Deductions in score should be made for dirty or chipped bottles; f i 
‘of the bottles, or do not fit properly in the cap seats. ERY as; PE Can wemioh do Bei cove” seats 


The American Dalry Science Assocla- 
tion (2) recommends the following score 
card for whole milk: 
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Skim-milk. The scoring of skim-milk has heretofore received 
very little consideration. The greater value now placed upon 
skim-milk as a food and the larger application of skim-milk prod- 
ucts as a food and in the arts, makes it very desirable to have 
a score card that gives in a systematic way the respective points 
that good skim-milk should possess and provide space for record- 
ing the necessary data relating to samples scored. 

The score card need not differ in principle from that used for 
whole milk but the credits allowed for the different points may 
vary somewhat in proportion to their influence upon the value 
of the skim-milk in the use that is to be made of it. The ex- 
planation of scores given for whole milk may be applhed also 
for skim-milk. 


SCORE CARD FOR SKIM-MILK. 


OWMNGL® Macs es ee ent tS UID) 1s ere ns te gee coer a Sede ee 
IA ddr esses ee eee See eee UBD OU ON DN IC 5 kha any on rok eae eG 
Class: ee ee ee 
Score 
BES Perfect Allowed tye ot 

Bacterlamenurce me acc 35 
Hlavorand od oleeer is 20 
SedimenUareerete rence 10 
Solids; notitat»nesa nner 15 
Temperature (street 

SAMPlO moe ee eee 5 
Aciditiye (tree ert 5 
fal ope eee 5 
Containers ere 5 

Total, mene 100 ; 
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UNITED STATES DEPARTMENT OF AGRICULTURE, 
BUREAU OF ANIMAL INDUSTRY, 


DAIRY DIVISION. 


SCORE CARD FOR CREAM. 


DELIV GLa eek ter a th ed a eke a hd ee ee ee 
Class eee ee ILC DUGIN O age ae en 
ITEM, Mjconn, | ALLOWED. Hii! 
Bacteria found per 
Bactenian eee eee 5 yet | oe ele cubic centimeter| as s=" 
Cowy, bitter, feed, 
Flavor and odor ---------- PASE a) eee eee P no flat, strong...__.-.. POs ae 
Sediment eeseeeae oe ee BN yy le amet ia PO ae ey a ae ee 
ia ties ee 2.0 gies eeeroee ence meee Berk ent bias sete Nese re nee ee 
Temperature (street 
(SEW IC 0) EIS) Vices eaeeee ce eee = DO eee 
- or 0) | epncctena-seete or 
Ante Greaeeaes Bacon ee ee eee 
Bottles even eee ee eee 
Bottle and cap ---.-------- ed Pees 
Cape. 32 eee a eereee 
EL O DANE sete aeeeee LOO | |e 
TOCIEL OL LOT. Ve to oe 08 5 vi Cae Tie aes UL ll ent ieee eee 
CA LLCS Sere es ret SANE Tae oer ee ee te 
COUSiier) arabs wd oe rl Ge yeh eee aa 


rr nn wt nn nn pwn ne ee ng ne eee 
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DIRECTIONS FOR SCORING. 


BACTERIA PER CUBIC CENTIMETER—PERFECT SCORE, 35. 


POITs. 
S00 and in der. eee erate ee , i 


501- 1,000_-__- SEY) 
1, 001- 1} 500__- oem 
1, 501- 2; 000___ a 
2, 001- 2) 500__- eee 
2} 501- 3,000__- Se 
3, 001- 3,500__- ae 
3, 501- 47000__- a 
4, 001- 4) 500___ 225 
4; 501- 5, 000__- =a 
5, 001- 6, 000__- ate 
6, 001- 7,000___ cn: 
7, 001- 8, 000___ lee 
8, 001- 97 000___ ras 
9, 001-10; 000___ ee 
10, 001-11; 000__- zat 


. 
NPRMDON RADON WAH AI00 


SOND eS BSCE es 


Nore. —When the number of bacteria per cubic centimeter exceeds the local legal limit the score 
shall be 0. 


FLAVOR AND ODOR—PERFECT SCORE, 25. 


Deductions for disagreeable or foreign odor or flavor should be made according to conditions found. 
When possible to recognize the cause of the difficulty it should be described under ‘‘ Remarks.” 


SEDIMENT—PERFECT SCORE, [0. 


Examination for sediment should be made only after the cream has stood for at least an hour undis- 
turbed inany way. Raise the bottle carefully in its natural upright position until higher than the 
head. Tip slightly and observe the bottom of the cream with the naked eye or by the aid of a reading 
glass. The presence of the slightest movable speck makes a perfect score impossible. Further deduc- 
tions should be made according to the quantity of sediment found. When possible the nature of the 
sediment should be described under ‘‘ Remarks.” 


FAT IN CREAM—PERFECT SCORE, 20. 


POINTs. POINTS. 
25 Der Cen tl aANGna DON Cae ae meee eee eee 20 OiperCen tekeenc pane sana sen anne oo eee 17 
24 per Conts.=. Soeeen on See etas seen aan ee 19R50 | PLS iper cent segs. 2k eae te oe ee 16 
23 per Cention so. noe in eee seen s eae e eee 19 17 Per. Contsssas ates see ee eee 12 
29 per cents 2s See e Ge neee eee aa aresessacsaes 18.5 16 per Cento. 2s o2 a eae eons anecnseees 8 
21 per Cente. ocean eer pecan ee nee 18 16 per. centi2ces. ened sean ance eee wea anue se 4 


20 Per Comtssas aw eee eee eee eae 17.5 essithai 1biper con (iaessessceee neues cosceece 0 
NotTe.—When the per cout of fat is less than the local legal limit the score shall be 0. 


TEMPERATURE (STREET SAMPLES)—PERFECT SCORE, 5. 


Poms. | 57 to 60d yee, 
BOiderreesi i and. Delo Wee seas eee nn=seseeeee (0) ORT OOS canto ccssdetcuegiuemean weneees 
51 to 3 CORT CGS sean seo ee nanan eee eee nee 4 Above 60 degrees._...-.-..---.-_. ie ee ee eee 0 
B4'to 60 degrees sane a aoe eens ese ean et ebsoaeenee 3 
ACIDITY (PREPARED SAMPLES)—PERFECT SCORE, 5. 
Leckie 
nt and less Onze PONCCNeeuonenet seawater unease a sesaasncos) 
6. ai per cent seaeeue ees 0. 24 per cent ry 
0). 22 per cent_.-..-.-----------------------=--- Over 0.24 per cent 0 


BOTTLE AND CAP—PERFECT SCORE, 5. 


Deductions in score should be made for dirty or chipped bottles; for caps which do not cover the lips 
of the bottles, or‘do not fit properly in the cap seats, 8—1244 
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Cream: The method of scoring cream is essentially the same 
as that applied in scoring milk. It is not ordinarily seored for 
solids not fat. Whether it should receive such a score or not, 
is a debatable question. Where the minimum percentage of fat 
in cream is fixed by legislative or similar enactments, full credit 
may be allowed if the composition conforms to such fat standard. 
It is customary, however, to require the presence of at least 20 
per cent of fat in cream in order to be entitled to the full score. 


SCORE CARD FOR BUTTER. 

The systematic scoring of butter is carried out in commercial 
transactions between producers and dealers and between the deal- 
ers themselves. It is also practical in scoring butter at butter 
exhibitions and in giving instruction in dairy schools. The prac- 
tice does not extend to any great extent to the commercial trans- 
actions taking place between the ultimate retailer and consumer. 
As the practice of scoring butter has continued over a long 
period of years, the system has become fairly well fixed, and the 
factors that affect quality satisfactorily established. 

Butter score cards may vary somewhat in form according to 
the use that is to be made of the score. In general they include 
the factors and take the general form of the ecard shown here as 
an example. 

Flavor: This is the most important facter in fixing the score, 
and perfect flavor is rarely if ever given. 

Body: The ideal butter is firm, hard and waxy which prop- 
erties prevent it from softening or melting too easily. Poor body 
is described as weak, greasy, leaky, short-grained and sticky. 
The ‘‘body’’ of butter is not of such importance to the consumer 
as that of flavor, and recent methods of manufacture have not 
contributed toward improving it. 

Color: The shade of yellow color in butter varies in different 
markets. All require that it be uniform, that is, free from 
streaks, mottles, waves and specks. Where there is too much 
color it is said to be too high and where the yellow is too pale 
the color is said to be too light. 

Salt: The percentage of salt also varies according to the 
demands of the trade, which in turn, is governed by the likes and 
dislikes of the consumer. If the salt is not all in solution or is 
not evenly distributed the score is reduced. 
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Package: The package is controlled by market requirements. 
In any case it must be substantial, attractive, neat and clean. 
The interior wrapper should be free from wrinkles, properly fold- 
ed and the workmanship good throughout. 


SCORE CARD FOR BUTTER. 


Osa eee oe ee ee PRU CT tae Bee eh AE Ao seek Sotelo cge kk SR 
AUT OSS osc. s ete eae ee a ee 
Classy cate sone eer ee der ect tae: Eb itaN 0 ete ee eke eee 
Quality Perfect Score ‘ 
factors score ilewad Remarks: 
BIAVOR ee ees 45 
Body, gee soc 25 
Color: 15 
Salvia yee 10 
Rackage aa 5 
Lotaleaeas: ae 100 
Hater res ee per cent Dateescored see eee ee a el: 
Moisture ..,.. CDE COT Cae Me ime (NR eee ee LO be 
(Sal tee ae per cent Judges 
(Casein eee [CLS CON Vemma BE [Ute rnte ere ree a a i oe 


Butter is graded on the market according to the score it re- 
celves. 

The grade given by the New York Mercantile Exchange cor- 
responds with the score as follows: 
Grade: Higher scoring Extras Firsts Seconds Thirds 
Score: 93 or above 92 Sito.8s ovetouss 18210076 


Other classifications sometimes are ‘‘Packing stock’’, ‘‘ren- 
ovated’’, and to butter of inferior quality ‘‘cooking butter’’ 
‘‘ladels’’ and ‘‘grease’’ 

While different judges may check closely on the score, butter 
that satisfies the best trade in one market may not do so in 
another, thus the same butter might receive a different score and 
grade on two different markets, like, for example, Boston and 
New York. Also, when the supply is short and demand strong, 
butter that would ordinarily go into one grade may be raised 
a grade higher, and when the opposite conditions prevail it might 
be dropped a grade lower. This practice is confusing until trade 
eustoms are learned. 
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Flavor: It consists of those properties that affect the senses 
of taste and smell. Nearly every one can become proficient in 
judging butter by intelligently using the senses of sight, taste 
and smell, although such physical tests are very difficult to 
describe. A number of terms are used in describing flavor as 
it varies widely and is due to many causes. Those tastes or odors 
which are pleasing and which develop in one an appetite or desire 
to eat more of the butter receive credit while those that have the 
opposite effect reduce the score. Such terms as clean, creamy, 
pleasant, delicate, and sweet are favorable, while the following 
are unfavorable: cowey, barney, old, strong, tallowy, rancid, 
fishy, fruity, and weedy. 


CULTURE SCORE CARD. 


Culture or starter, as the term applies in dairying, is an 
active culture of bacteria that are used for the purpose of 
developing lactic acid fermentation in milk and milk derivatives. 
It finds its greatest application in the manufacture of butter, 
cheese and milk beverages. Quality in starter is of first impor- 
tance as it transmits its properties to the material to which it is 
added and when the quality is poor it may be the cause of con- 
siderable loss. 

The factors that contribute to quality in a good culture are 
not unlike those for buttermilk. The score ecards proposed usual- 
ly follow the same general outline. The one used by the Dairy 
Department of the N. Y. State College of Agriculture at Cornell 
University will serve as an example: 


CORNELL CULTURE SCORE CARD. 


Score 
Perfect Allowed 
IDERO? ccaners DOES maielleae Corte Clean, desirable acid. 
PAN OT A meer: COREE Fe Eee ee Clean, agreeable acid. No 
es undesirable aroma. 
INOGbING sencane PAU || ieee skeet eet. 0.6 per cent—0.8 per cent. 
Body ....5.. 10 Ente asa ites Before breaking up: Jelly 
Total, Ne 100 like, close, absence of gas 
holes. No free whey. After 
breaking up: smooth, 
creamy, free from gran- 


ules or flakes. 
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THE BUTTERMILK SCORE CARD. 


The value of good buttermilk as a food and healthful stimu- 
lating beverage is generally acknowledged but in the past methods 
for regularly producing the desired flavors and aroma were lack- 
ing. Recent improvement in methods of handling milk combined 
with a better understanding of the principles that control fer- 
mentation is rapidly overcoming these difficulties and it is now 
possible by the use of proper methods and improved equipment 
to regularly produce buttermilk of high quality having the same 
desirable properties from day to day. 


There is need for a better general knowledge of the factors 
that produce quality in buttermilk since quality must be depend- 
ed upon to increase the demand. The use of a score card will 
be a help in gaining this desirable end in the same way that it 
has been of so much service in improving the quality of market 
milk. The following score card may be adapted to the purpose: 


BUTTERMILK SCORE CARD. 


Orwiter....-s See ee eee ae ocr 1 DE pee ee eee et EE pe nee SR e nay 
Address. ee 590 ones. eer ee ees EX HIDItH NOG ene eek renee eh 
Class! =. .c2c uti ee oe Deen eee, 
Quality sco iy eNO anes SEE Remarks: 
factor Perfect Allowed 
SEM OLE Se oes 45 Clean, delicate, pleasant, de- 
; sirable acid. 
ATOM neue 15 Clean, agreeable, attractive, 
delicate, mild. 
Body ......... 15 Smooth, even, jelly-like, 
; close, creamy. 
ING AR halos 15 
0.7 per cent to 0.9 per cent. 
Contai 10 5 
ten salle SG Clean, neat, substantial, non- 
Total 100 corrosive. Oderless. 
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CHEESE SCORE CARDS. 

The quality of cheese is affected by (1) the quality of the 
milk that enters into it, (2) the method applied in its manufacture 
and (3) by the fermentation that takes place during the making 
process, curing and storage. The defects may be many and 
varied and it requires practice, study and experience to become 
skilled in detecting them, and especially to assign proper credits 
to the points of merit which will correctly indicate commercial 
value. The properties that have been adopted as a basis for 
scoring cheddar cheese are (1) flavor, (2) body and texture, (3) 
eolor and (4) finish. 

The flavor of high quality cheese is very characteristic yet so 
unlike other substances that it is difficult to describe. It is slight- 
ly salty, mingling the flavor of fat with acid and protein sub- 
stances in a way that yield a very attractive rich flavor some- 
times described as mildly nutty. Unpleasant and offensive odors 
-and tastes should be absent. 

Flavors: Volatile substances from the feed of the cows pro- 
ducing milk are sometimes transmitted to the cheese. They are 
known as weedy or feedy flavors. They vary according to the 
flavor of feed. ‘‘Cowey”’ flavor remind one of the odor of the 
breath of a cow. Sweet flavors characteristic of some of the 
common fruits are deseribed as fruity. They may be derived 
from fermentations caused by organisms found in decomposing 
milk substance and indicate that the milk from which the cheese 
was made came in contact with unsanitary conditions. Cheese that 
has a pronounced sour smell or taste is described as acid. It is due 
to the presence of an excess of acid. Flat flavor indicates an 
absence or reduction in the flavors present in high quality cheese. 
Other terms are bitter, rancid, tallowy and mouldy. 

Texture and Body: When the texture of the cheese is good 
there should be no holes and the broken ends of a plug should 
appear close, solid, compact and well annealed, yet flakey and 
somewhat like broken flint. When pressed and rubbed between 
the thumb and finger it should feel smooth, silky and waxy. 
Body refers to the firmness or consisteney of the substance. It 
is Judged at the same time and in the same manner as the texture. 

When the body is good it will feel somewhat firm under pres- 
sure, but not too firm, and when pressure is applied it should not 


CHEESE 817 


break or crumble but yield in form like cold butter. It should 
not feel harsh or gritty nor soft and pasty. Stiff, corky, curdy, 
weak-bodied, salvy, and watery are self explanatory terms used 
in deseribing cheese body. 


Color: Color is ordinarily considered perfect if it is uniform. 
The depth of the shade of yellow is not important as long as it 
satisfies the demands of the market in which it is sold. The 
fancy or whim of different markets vary in respect to the shade 
of yellow color. 


Finish: Finish is important as it is likely to be taken as an 
index of the workmanship put into the manufacturing process 
which in turn has so much to do with quality in cheese. Finish 
may or may not include the package or box—but a dirty, dilapi- 
dated and untidy container should never be used. The surface of 
the cheese should be clean, smooth and free from cracks. The 
edges should be even and the bandages neatly arranged, giving 
an impression of value and quality. 


SCORE CARD FOR CHEDDAR CHEESE. 


Ora Ste See ee eee eerie ID ERTS nest UE RE AERA AA Ee RD a ba eee 
Addit cis a0 emis tee ee ee emer ee Exit ita NiO mente eens nena ate 
Score 
Item ag er ree GN ee ed Remarks 

IMERKO! SoG6sec 45 
Body and 

text libemee as 30 
Colotneee re coe 15 
Hinishteen ene 10 

Total . Rs wha 100 


SCORE CARD FOR COTTAGE CHEESE. 

Cottage cheese is one of our most wholesome food products. 
With the large surplus of milk solids not fat always available its 
use should greatly increase. Good quality will do much to 
stimulate consumption. The authors are suggesting the follow- 
ing score card in grading this product. 
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SCORE CARD FOR COTTAGE CHEESE. 


QOL ee ee as ne eee eer reteset eee YS uc Nages eB Sr ae a a end ete eres | 
ANdGresstl te eee ee a es Soe 
Score 66 
Item Remarks: 
Perfect 
Hav Ore eee 50 Mild, clean, acid flavor. 
Viscosity and Body or viscosity fairly 
LEXCURe riper 20 firm. Smooth to the taste. 

Woloranectericer 5 Creamy cast. A little odor 
enhances its commercial 
value. 

Appearance of is Neat, clean with every evi- 

package ..... dence of careful work- 
manship. 

Composition ,,., 20 Sufficient total solids to 
give good food value to 
the product. 

dlotalneres { 100 


SWISS CHEESE. . 


In scoring Swiss Cheese special attention is given to its typical 
nutty flavor and slightly sweet, pleasing taste. Off flavors, de- 
rived from the milk or undesirable fermentation, should be 
wholly absent. The characteristic ‘‘eyes’’ or holes should be 
rather evenly distributed from one to three inches apart. They 
are normally from one-half to three fourths of an inch in diam- 
eter. The substance between the eyes should be compact, and 
free from small holes which indicate that undesirable gas pro- 
ducing fermentation has occurred. 

The salt should have passed well through the cheese. The 
body should be firm and the rind smooth, clean and free from 
eracks. | 
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SCORE CARD FOR SWISS CHEESE. 


FOWNEC! 5c. 550 cos > ee een, Dat CR wee kee Pete 8 oss OT Es AD 
ACUTG S855. en ee Exhibit NOs... i kee dee hot een ee 
Classi A: cee. 2 Sneak OT ee 
, Score ; 
tem 2 
| Perfect Allowed HOES: 
Al avO tae eet yt EEE 40 - 
Holes and appearance... | 25 
LexCuTe Me pepe ie eee 20 
Soltek ee koe 10 
SOV le en ir eee 5 
RO CaURE aaa ee eee ee 100 
Date: scored. te. 22s kw ean Ree ere rete as 
Judges eas ss midi k Pig 


LIMBURGER CHEESE SCORE CARD. 


Limburger cheese is subject to most of the defects that are 
common to other kinds. Its peculiar flavor is not easy to obtain 
without defect, as in the process of manufacture it is difficult to 
control some of the common undesirable forms of bacteria when 
they once gain entrance to the milk from which the cheese is 
made. Gassy cheese is a common defect due to the presence of 
gas forming bacteria. The body of the cheese is filled with gas 
holes and bloats until the sides are more or less bulged and 
rounded. Too much acid development results in sour cheese that 
cures slowly and develops a bitter taste. Other defects are dry- 
ness which causes the cheese substance to be hard and to cure 
slowly, while too much moisture results in a pasty, rapidly cur- 
ing cheese that will not hold its shape well. The cheese should 
keep its regular shape, the substance should be uniform through- 
out and the rind free from cracks. 
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SCORE CARD FOR LIMBURGER CHEESE. 


QO) WET aes eo re nN haat Datensreceived-5. 50 eee 
Addressie seer eins Ai Pee ee Sch D1 GN One eie ee eee ee 
OTE) :} ly Ue eee es SOR rae eee oes 
Score 
pe Perfect Allowed 
WENGE saconas 40 er 
Texture ... . : 40 
ColorJee tan: a, 10 
Galtier eae 5 
Style ., 5 
Total ...... 100 __ 


SCORE CARD FOR ICE CREAM. 


The scoring of ice cream does not differ materially from the 
scoring of other dairy products excepting that in judging quality 
in added flavor the ideal for the flavor used should be the stand- 
ard of comparison. The principal factors that have an influence 
on quality in ice cream are usually described under the follow- 
ing headings: Flavor, body, texture, appearance, and package. 

Flavor: Flavor may be described under two headings, (1) 
that derived from added flavoring, (2) that derived from other 
materials. If the added flavoring is not of high quality it may 
introduce “foreign’’ flavors and leave the cream ‘‘low’’ in the 
desired flavor. If too much flavoring is added it may be so 
pronounced as to taste too ‘‘sharp”’ or slightly ‘‘bitter’’, leaving 
a sensation that is slightly unpleasant. There should be just 
sufficient flavoring present to enable the consumer to identify it 
but not enough to smother or detract from the pleasant taste of 
other high grade materials present. ‘‘Rancid’’, ‘‘mouldy’’ and 
““stale’’ flavors may be derived from carelessly sorted nut meats 
and fruits. Sweetness should not be too pronounced, nor lack- 
ing to such an extent as to produce a ‘‘flat”’ taste. 

The flavors imparted to ice cream by milk products are nu- 
merous and variable in strength. The highest quality yields to 
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the tongue and palate the delicate aroma and sensation of rich- 
ness that is so pleasing in sweet, fresh, clean cream. Some be- 
lieve that a slightly acid development, hardly enough to be recog- 
nized, tends to liven the flavor and improve it. All of the flavors 
that appear in milk or cream of poor quality may be carried into 
the frozen product. The common ones are sour, old, cowey, bit- 
ter, metallic, oily, muddy, barn, unclean, burned and overheated 
flavors. 

Other defects in flavor may be due to other ingredients added. 
Milk powder, condensed milk, gelatin and starch when added, 
each impart at times, particularily if these products are not of 
first quality, defects in flavor characteristic of the products them- 
selves. 

Body or Viscosity.—Ice Cream should be firm and yet not 
sticky. 

Texture. Smooth and velvety to the taste. No large water 
erystals. No milk sugar erystals causing ‘‘sandiness’’. 

Defects in texture are described as icy, coarse, sticky, buttery 
or soft. Allowance must always be made for fruits or nuts added 
in manufacturing. 


Composition.—The ice cream should not fall under the legal 
or trade standards. Both the fat and total solids should be taken 
into consideration. Increased importance is being attached to 
composition when scoring ice cream. 


Bacteria. The bacterial content is frequently overlooked, and 
more importance should be attached to it. Baer’ states: 
‘“‘The bacterial content of a perfect ice cream should be not 
more than 20,000 to the ec. One point should be deducted for 
every increase of 10,000 bacteria to the ce, until 100,000 is reached, 
when two points should be deducted for every increase of 50,000 
to the ce’’. 


Appearance. The color should be characteristic of the fruit 
or flavor used. The general appearance should be clean. 

Package. Container to be clean, free from rust and from all 
evidences of slovenly workmanship. Brick ice cream should be 
neatly packaged. 

Several ice cream cards have been proposed, but none have 
been generally accepted. The four best known are as follows: 
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(3.) Wisconsin Score 


(1.) Vermont Score Card.° 
Card.® (2.) Iowa Score Card‘ Flavor ........... 40 
INENR? ong onnc mode 450 Nlavory ace aries 6 56.5 AS NOWIOE) sao non code 20 
Mexturemeeen inrer 200 Y Bod yin en mossece ene 20 Texture and body, 20 
Richn essen ere 20 ee LOXture yay earn. 20 @ Hatin a eccrecuasis 10 
Appearance ....... 10 ' Permanency ...... 10 Appearance & color 5 
Colores we. cance Bev PACK APC tear avs DP ACkap emer crataes 5 
“100 “100 100 


(4.) California Score Card.2 Approved by Dairy Division, Uni- 
versity of California, Davis, Calif. 


Items Possible Score pean 
Flavor and palatability.... 50 
Texture and body......... 25 
Appearance (color) ....... 10 
eA ve DULLERT Ata rae eee 5 
<Bustotalisolidsimes saunas ; 10 
Total eae aa eter isa cage 2400 
Analysis: 
Per cent Remarks: 

Butterfat 


Total solids 


“A”_A perfect score shall be allowed ice cream containing 
10-12 per cent butterfat, inclusive. 

Deduct 1 point for each 14 per cent above i2 per cent. Less 
than 10 per cent score is 0. 

“B’—A perfect score shall be allowed ice cream containing 
36 per cent total solids or above. 

For each per cent less than 36 per cent, deduct 2 points. 


Judges | 


The American Dairy Science Association in September, 1924 
approved the following score card to be used in judging ice cream 
and especially at ice cream scoring contests: 

ICE CREAM SCORE CARD. 


Perfect Student Score Criticism 
Score Score Rating Rating 
Elavor tenes teen mae ane 50 
Body and Texture............. 5229 


Package and Color........ 
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Detailed instructions for using the score card were given. The 
cuts to be made against each defect in the different groups were 
also indicated or assigned. 

The score card provided for a total of 80 points, 20 points 
being reserved for the bacterial content of the ice cream. No 
suggestions were made in regard to the grades or standards for 
bacteria. That was probably due to a lack of agreement upon 
what the bacterial content of ideal ice cream should be, and on 
differences between opinions upon the reliability of bacteria 
counts of the product. Therefore, the allowance to be made for 
the bacteria content is evidently left to the discretion of those in 
charge of the scoring. 

SCORE CARD FOR PLAIN SUPERHEATED CONDENSED WHOLE 
OR SKIM-MILK. 

The authors are suggesting the following score card for plain 
superheated condensed whole or skim-milk. Explanation ae- 
companies each item to be scored. Products of this class are 
practically always marketed in bulk. 


Suggested Score Card for plain superheated whole or skim-milk. 


Item Score Allowed Remarks 

Viscosity, Wecewa so 15 Heavy viscosity. Product 
to flow freely from 

container. 
Homogeneity..... 15 Smooth, velvety appear- 
ance. No visible specks 

or lumps. 
Color eee ee 10 Light, white, milky color. 
hla von eee 30 Good, clean milk flavor. 

No foreign flavors. 

Odor, one eee 5 | No appreciable odors of 

; any kind. 
A ance ¢ E 5 Container to be neat, 
Ce cower tes clean and with all evi- 
NS wea dences of good work- 

manship. 
Fat 10 No foreign fats. Fat 
OP eee eae content to conform to 
legal or trade require- 

ments, 

Total solids ..... 10 No preservatives of any 


kind. Total solids to 
conform to legal or 
trade requirements. 


Total Aol nee 00 
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SCORE CARD FOR EVAPORATED MILK. 


The authors are suggesting the following score card, which 
takes into consideration the physical properties, appearance of 
the container, composition and net weight. Explanation is made 
of each item to be scored. 


Among the more common defects encountered when scoring 
evaporated milk to determine its commercial value, the follow- 
ing can be mentioned: 


(1). Viscosity either too light or too heavy, due to improper 
processing, or to incorrect handling after sterilizing. 


(2). Fat separated due to improper homogenization. 


(3). Color either too light due to insufficient sterilization, 
or too dark due to excessive sterilization or to the age of the 
product. 


(4). Off flavor caused by foreign substances, or by decom- 
position due to bacterial development when the product is not 
properly sterilized. The use of raw milk products of poor quality 
may cause off flavors. 


(5). Off odors caused usually by bacterial development as a 
result of improper sterilization. 


(6). Sediment upon bottom of cans, caused by the erystal- 
lization of the lime salt of citrie acid. This appears only in prod- 
ucts of considerable age. Particles of foreign matter and lumps 
of coagulated casein, are sometimes found. 


(7). Evaporated milk is usually served at the table out of 
the original container. For this reason defects in the package 
should be carefully noted. Soiled and poorly applied labels and 
dirty or rusty cans all deduct from the score. 


(8). The composition and net weight of the cans are of 
great commercial importance. If under the advertised claims, it 
detracts from the commercial value of the product, and the score 
should be very liberally cut. No foreign fats or preservatives of 
any kind should be present. 
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SUGGESTED SCORE CARD FOR EVAPORATED MILK. 


Score 
Item Remarks: 
Perfect Allowed 

Viscosity ..... 15 Good viscosity, but not enough to 
flake in water or coffee. Suf- 
ficient to convey correct impres- 
sion of its value. 

Homogeneity... alt No fat separated. No specks or 
lumps. Product smooth and 
homogeneous throughout. 

Coloratee oe or. 5 Medium color like heavy cream. 
Neither too white nor too dark. 
Sufficient color to insure safe 
sterilization. ; 

Blavor “2.20.2 30 Rich, nutty flavor. Cooked taste 
not too pronounced. No foreign 
flavors. 

Odors eee 2 No appreciable odors of any kind. 

Sediment ..... No lumps of coagulated casein. 
No foreign matter. No precipi- 
tate of calcium citrate. 

Appearance con- 

TaINer ee es 5 Neat labels properly applied. Ends 
of cans well polished, and not 
bulged. 

Pats ake srs ee 10 No foreign fats. No preservatives. 
Fat content to conform to legal 
requirements. 

Total solids 10 Total solids content to be not un- 
der legal requirements. 

Net weight ... 5 Net weight to be not under 
amount specified upon the label. 

otalmipe ree 100 


The following score card for evaporated milk is taken from 
the ‘‘Report of the Committee on Legal Standards and Score 
Cards,’’ of the American Dairy Science Association’, 1922: 


Tentative Score Card for Evaporated Milk recommended by 


above committee: 
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Flavor and odor 40 
Body and texture 35 
Color D 
Fat content 10 
Total solids 10 


Adulterants and preservatives must be absent 


100 

The following comments are made by the committee upon the 
various points in the above score: 

Flavor and odor. Perfect: Must be fresh, sweet and free 
from off flavors. Deduct 1 to 10 points if metallic, rancid and 
stale. Deduct 40 points if sour, bitter, putrid, gassy or other- 
wise fermented. 

Body and texture. Perfect: Must be creamy, of uniform 
emulsion, smooth. Deduct 1 to 10 points each for curdy milk, 
separated or churned milk. 

Color. Perfect: Must be creamy. Deduct 1 to 3 points if 
brown. 

Fat content. Perfect: Must contain not less than 9 per 
cent milk fat. Deduct one point for each one-half per cent less 
than 9 per cent. Deduct 10 points if less than 7.8 per cent, the 
present Federal Standard. 

Total solids. Perfect: Must contain not less than 28 per 
cent solids. Deduct 1 point for each 1 per cent or fraction 
thereof, less than 28 per cent. Deduct 10 points if below 25.5 
per cent, present federal standard. 

Adulterants and preservatives. Perfect: Must be free from 
all adulterants or preservatives. If it contains animal or vege- 
table fats, or other ingredients foreign to the composition of 
normal milk, or any preservatives deduct 100 per cent. 


SCORE CARD FOR SWEETENED CONDENSED MILK 


The authors are suggesting the following score card for sweet- 
ened condensed skim-milk. It takes into consideration the phys- 
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ical properties, appearance of the container, composition and net 
weight. The same score card can be applied with slight modifi- 
cation to both the whole and skim-milk. The various physical 
properties are the same in either case. In the case of the sweet- 
ened condensed skim-milk, the score allowed under fat can be 
included with the total solids, since composition is of equal im- 
portance in either case, and upon it depends to a large extent 
the commercial value of the product. Brief explanation follows 
each item in the score. 

Large quantities of sweetened eondensed milk are sold in bulk, 
being marketed either in barrels or in milk cans. Bulk sweet- 
ened condensed milk can be judged by using the same scale of 
points as in the case of the canned milk. The appearance of the 
container is of importance whether the product is marketed in 
bulk or in cans. 

The more common defects encountered in scoring sweetened 
condensed milk, are the following: 

(1). Viscosity either too light, or too heavy. 

(2). Fat separated upon the top of the milk or milk sugar 
separated upon the bottom of the container. These defects oc- 
cur in varying degrees. Lumps and specks rendering product 
not homogeneous. 

(3). Product slightly or badly discolored, caused by im- 
proper manufacturing processes. 

(4). Off flavors caused by mould development. Too much 
cooked or burned taste. Yeasty flavors. 

(5). Bad odors described as manurial, tallow, rancid or 
yeasty. 

(6). Container lacks neatness. Too much air space on top 
of the milk in the container. 

(7). Composition and net weight under standard claimed, 
which detracts considerably from the score. 
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SUGGESTED SCORE CARD FOR SWEETENED CONDENSED MILK 


(Og SUE) eR AD eee 2 ec eee ee et oe TID SIR e SMe re reper yr ter eer ere a reer 
EA CLOT OSS eee eet ae ean BT a Tee eee ae eee SIZ Geer neater 
VEE oer ov er Rrra ree pr rae 
Item Score Allowed Remarks: 

Viscosity ..... 10 Neither too light nor too heavy in 
viscosity. Sufficiently fluid to pour 
from container. 

Homogeneity... 10 No fat separated. No milk sugar set- 
tled upon bottom, of container. 
Product smooth to taste and free 
from foreign matter. 

Colores eee | 5 Slight yellowish cast. Neither too 
light nor too dark. 

IDERHO 25 Clean milk flavor without any foreign 
flavor other than the sugar added. 

Odor te ees: 2 No appreciable odors of any kind. 
No signs of yeast development. 

Solubility 5 Product to dissolve freely in water, 
without showing any undissolved 
matter. 

Appearance of 

container .,. 3 Neat label, properly applied. No rust 
spots upon tin surfaces. If bulk 
container, should be neat and at- 
tractive. 

Bacteriay 10 Bacteria to be present in amounts not 
to exceed the limits found in prop- 
erly pasteurized milk. No yeast 
cells to be present. 

PAG g rt ver aot 10 Fat to be not under legal or trade 
standards. Score for fat to be ado 
ed to total solids in the case of the 
skimmed product. No foreign fats 

an allowed. 

Sugare eee 5 For sweetened condensed skim-milk, 
sugar to be about 42.00 per cent, 
and for whole milk about 44.50 per 
cent. 

Total solids 10 Milk solids to conform to legal stand- 
ards. Total solids to conform to 

. trade standards. No adulterants. 

Net weight ..: 5 To be not under amount specified 

ea upon the label. 

Total lovee ae 100 


The following score 
taken from ? cited above. 


ecard for sweetened condensed milk is 
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Tentative score card for sweetened condensed milk, recom- 
mended by the above committee: 


SCORE CARD FOR SWEETENED CONDENSED MILK. 


Perfect score, 


Properties. per cent. 
Bla vor aadtod Greet et de Benoa lek eae ae eae 30 
Bodysrsndstexpureaar rete te oe fete hee en eee 25 
COlOT err ca OU ge eT Pres © Bp Re a ae 6) 
PAR COUL CUT Mcotnt ng Why ti ee te ON et ret eee cays is a 10 
Mike SOMdspehe a) aa menses, Mtn noe ye 10 
IB aC be tla e yh en seine yh aera, att oa aa ice, 2 10 
SUL OA era eid a eth em ak ora Ee ee wn EM Bes 10 


SUGGESTIONS FOR USE OF SCORE CARD. 


Flavor and odor. Perfect; must be fresh, sweet and free 
from all flavors. Deduct one to ten points each if metallic, rancid, 
stale, cheesy. Deduct one to thirty points if sour, yeasty or other- 
wise fermented. 


Body and Texture.—Perfect: Must be viscous, smooth and 
free from lumps of curd, sugar sediment and foreign impurities. 
Deduct one to five points if rough and sandy, from one to five 
points if sugar sediment in bottom, from one to five points if fat 
separation, one to five points if white and yellow buttons, 15 to 
25 points if lumps of curd. 


Color.—Perfect: Rich cream to yellow. Deduct one to five 
points if brown. 


Fat Content.—Perfect: Must contain not less than 10 per 
cent milk fat. Deduct one point for each half per cent less than 
10 per cent. If below 8 per cent, deduct ten points. Deduct ten 
points if below 8 per cent, present Federal Standard. 


Total Milk Solids—Perfect: Must contain not less than 32 
per cent. Deduct one point for each per cent or fraction thereof 
below 32 per cent. If below 28 per cent, deduct ten points. 
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Sugar—Perfect: The concentration shall be from 60 to 62 
per cent. Deduct two points for each per cent concentration 
below 60 or above 62 per cent. The concentration shall be deter- 
mined by dividing per cent of sugar by the sum of per cent of 
sugar and water. 


Bacteria.—Make reduction for excessive number of bacteria. 
Importance of bacterial counts have not as yet been sufficiently 
considered by the committee to warrant definite recommendations. 


SCORE CARDS FOR WHOLE MILK, SKIM-MILK AND CREAM 
POWDERS. 


The authors are suggesting the following score card for vari- 
ous powdered milk products. Explanations follow the various 
items that go to make up the score. 


Flavor.—This largely determines the commercial value of all 
milk powders. The first signs of decomposition usually manifest 
themselves in the flavor. The principal defect in flavor is caused 
by ranecidity. Any considerable amount of rancidity renders 
the powder unfit for human food. No method of treatment has 
yet been found that will completely eliminate rancidity after it 
has been once developed. The flavor should be very similar to 
that of the fluid products from which the powders were made. 


Odor.—No bad odors of any kind should be noticeable. Bad 
odors usually indicate either improper manufacturing processes, 
or decomposition of the product. 


Solubility—The importance of solubility depends upon the 
use to which the powder is to be placed. Powder made by the 
spray process is usually more soluble than that made by the 
roller process. If the powder is to be reconstituted or used for 
making ice cream, it is very important that it be completely 
soluble. If it is used for making milk chocolate and other food 
products, its solubility is relatively not important. 

Appearance.— White to slightly yellowish cast. No dark lumps 
or specks. Powder is to be homogeneous throughout. 

Composition Water content not to exceed the Federal Stand- 
ard of 5 per cent. The less water the better, since the presence 
of water is the most common cause of spoilage.’ The fat and total 
solids are to conform to the legal or trade requirements. 
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SCORE CARDS FOR WHOLE MILK, SKIM-MILK AND CREAM POWDERS. 


Item Score Allowed Remarks: 

IMEMOe Babin Ge 50 Fresh, clean flavor resembling that of 

the fluid products. No signs of 
i rancidity. 

Odores 2 Shee 5 Clean, agreeable odor. Suggestion of 
good milk products. 

Solubility .... 10 For certain uses, powder should be 
completely soluble. For other uses 
solubility is relatively unimport- 
ant. 

Appearance ,.. 10 Pleasing appearance. Homogeneous 
and free from lumps or specks. 

Composition 15 Not to exceed 5 per cent of water. 

Bacteria .... 10 Not to exceed limits usually found 
in properly pasteurized milk. 
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CHAPTER XXI 


DEFINITIONS AND STANDARDS FOR DAIRY 
AND RELATED PRODUCTS 


Standards for dairy products group themselves into three sub- 
divisions: namely, federal, state and municipal standards. Ob- 
viously these are continuously undergoing changes, and the 
marked lack of uniformity is very evident. 


STANDARDS OF THE U. S. DEPARTMENT OF AGRICULTURE. 


The following definitions and standards are taken verbatim 
from the federal regulations as promulgated by the U. 8. Secre- 
tary of Agriculture down to the time of going to press.t. These 
definitions and standards are all a result of the labors of the 
‘‘Joint committee on Food and Drug definitions and standards”’ 
of which Dr. Julius Hortvet is chairman. The definitions have 
been adopted in whole or in part by many of the state authorities. 


Milk and Milk Products 


Milk.—1. Milk is the whole, fresh, clean lacteal secretion ob- 
tained by the complete milking of one or more headthy cows, 
properly fed and kept, excluding that obtained within fifteen days 
before and five days after calving, or such longer period as may 
be necessary to render the milk practically colostrum-free. 

2. Blended milk is milk modified in its composition so as to 
have a definite and stated percentage of one or more of its con- 
stituents. 

3. Pasteurized milk is milk that has been subjected to a temp- 
erature not lower than 145 degrees Fahrenheit for not less than 
thirty minutes. Unless it is bottled hot, it is promptly cooled to 
50 degrees Fahrenheit, or lower. 

4. Sterilized milk is milk that has been heated at the tempera- 


ture of boiling water or higher for a length of time sufficient to 
kill all organisms present. 


[ 832 ] 
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5. Homogenized milk is milk that has been mechanically 
treated in such a manner as to alter its physical properties with 
particular reference to the condition and appearance of the fat 
globules. 

6. Skimmed milk is milk from which substantially all of the 
milk fat has been removed. 


7. Buttermilk is the product that remains when fat is re- 
moved from milk or cream, sweet or sour, in the process of churn- 
ing. It contains not less than eight and five-tenths per cent 
(8.5%) of milk solids not fat. 


8. Goat’s milk, ewe’s milk, et cetera, are the fresh, clean, 
lacteal secretions, free from colostrum, obtained by the complete 
milking of healthy animals other than cows, properly fed and 
kept, and conform in name to the species of animal from which 
they are obtained. 


9. Condensed milk, evaporated milk, concentrated milk, is the 
product resulting from the evaporation of a considerable portion 
of the water from the whole, fresh, clean lacteal secretion ob- 
tained by the complete milking of one or more healthy cows, 
properly fed and kept, excluding that obtained within fifteen days 
before and ten days after calving, and contains, all tolerances 
being allowed for, not less than twenty-five and five-tenths per 
cent (25.5%) of total solids and not less than seven and eight- 
tenths per cent (7.8%) of milk fat. 

It is further specified that the sum of the fat and total solids 
shall not be less than 33.7. 


10. Sweetened condensed milk, sweetened evaporated milk, 
sweetened concentrated milk, is the product resulting from the 
evaporation of a considerable portion of the water from the whole, 
fresh, clean, lacteal secretion obtained by the complete milking 
of one or more healthy cows, properly fed and kept, excluding 
that obtained within fifteen days before and ten days after calv- 
ing, to which sugar (sucrose) has been added. It contains, all 
tolerances being allowed for, not less than twenty-eight per cent . 
(28.0%) of total milk solids, and not less than eight per cent 
(8.0%) of milk fat. 

11. Condensed skimmed milk, evaporated skimmed milk, con- 
centrated skimmed milk, is the product resulting from the evapo- 
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ration of a considerable portion of the water from skimmed 
milk, and contains, all tolerances being allowed for, not less than 
twenty per cent (20%) of milk solids. 


12. Sweetened condensed skimmed milk, sweetened evapo- 
rated skimmed milk, sweetened concentrated skimmed milk, is the 
product resulting from the evaporation of a considerable portion 
of the water from skimmed milk to which sugar (sucrose) has 
been added. It contains, all tolerances being allowed for, not less 
than twenty-eight per cent (28.0%) of milk solids. 

13. Dried milk is the product resulting from the removal of 
water from milk, and contains, all tolerances allowed for, not less 
than twenty-six per cent (26.0%) of milk fat, and not more than 
five per cent (5.0%) of moisture. 

14. Dried skimmed milk is the product resulting from the 
removal of water from skimmed milk, and contains, all tolerances 
allowed for, not more than five per cent (5.0%) of moisture. 

15. Malted milk is the product made by combining whole milk 
with the liquid separated from a mash of ground barley malt and 
wheat flour, with or without the addition of sodium chloride, 
sodium bicarbonate, and potassium bicarbonate in such a manner 
as to secure the full enzymic action of the malt extract and by re- 
moving water. The resulting product contains not less than 
seven and one-half per cent (7.5%) of butter fat and not more 
than three and one-half per cent (3.5%) of moisture. 


Cream. 1. Cream, sweet cream, is that portion of milk, rich in 
milk fat, which rises to the surface of milk on standing, or is sepa- 
rated from it by centrifugal force. It is fresh and clean. It con- 
tains not less than twenty per cent (20.0%) of milk fat and not 
more than two-tenths per cent (0.2%) of acid-reacting substances, 
calculated in terms of lactic acid. 


2. Whipping cream is cream which contains not less than 
thirty per cent (80.0%) of milk fat. 

3. Homogenized cream is cream that has been mechanically 
treated in such a manner as to alter its physical properties, with 
particular reference to the condition and appearance of the fat 
globules. 

4. Evaporated cream, clotted cream, is cream from which a 
considerable portion of water has been evaporated. 
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Cheese. 1. Cheese is the sound product made from curd ob- 
tained from the whole, partly skimmed, or skimmed milk of cows, 
or from the milk of other animals, with or without added cream, 
by coagulating the casein with rennet, lactic acid, or other suit- 
able enzyme or acid, and with or without further treatment of the 
separated curd by heat or pressure, or by means of ripening fer- 
ments, special molds, or seasoning. 

By act of congress, approved June 6, 1896, cheese may also 
contain added coloring matter. 

In the United States, the name ‘‘Cheese’’ unqualified, is under- 
stood to mean Cheddar Cheese, American Cheese, American 
Cheddar Cheese. 

2. Whole milk cheese is cheese made from whole milk. 

3. Partly skimmed milk cheese is cheese made from partly 
skimmed milk. 

4. Skimmed milk cheese is cheese made from skimmed milk. 


Whole Milk Cheeses. 5. Cheddar cheese, American cheese, 
American Cheddar cheese, is the cheese made by the Cheddar 
process, from heated and pressed curd obtained by the action of 
rennet on whole milk. It contains not more than thirty-nine per 
cent (89%) of water, and, in the water-free substance, not less 
than fifty per cent (50%) of milk fat. 

6. Stirred curd cheese, sweet curd cheese, is the cheese made 
by a modified Cheddar process, from curd obtained by the action 
of rennet on whole milk. The special treatment of the curd, after 
the removal of the whey, yields a cheese of more open, granular 
texture than Cheddar cheese. It contains, in the water-free sub- 
stance, not less than fifty per cent (50%) of milk fat. 

7. Pineapple cheese is the cheese made by the pineapple 
Cheddar cheese process, from pressed curd obtained by the action 
of rennet on whole milk. The curd is formed into a shape re- 
sembling a pineapple, with characteristic surface corrugations, 
and during the ripening period the cheese is thoroughly coated 
and rubbed with a suitable drying oil, with or without shellac. It 
contains, in the water-free substance, not Jess than fifty per cent 
(50%) of milk fat. 

8. Limburger cheese is the cheese made by the Limburger 
process, from unpressed curd obtained by the action of rennet on 
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whole milk. The curd is ripened in a damp atmosphere by special 
fermentation. It contains, in the water-free substance, not less 
than fifty per cent (50%) of milk fat. 


9. Brick cheese is the quick-ripened cheese made by the brick 
cheese process, from pressed curd obtained by the action of rennet 
on whole milk. It contains, in the water-free substance, not less 
than fifty per cent (50%) of milk fat. 


10. Stilton cheese is the cheese made by the Stilton process 
from unpressed curd obtained by the action of rennet on whole 
milk, with or without added cream. The cheese, ripened by a 
special blue-green mold, has a mottled or marbled appearance in 
section. 

11. Gouda cheese is the cheese made by the Gouda process, 
from heated and pressed curd obtained by the action of rennet 
on whole milk. The rind is colored with saffron. It contains, in 
the water-free substance, not less than forty-five per cent (45%) 
of milk fat. 


12. Neufchatel cheese is the cheese made by the Neufchatel 
process, from unheated curd obtained by the combined action of 
lactic fermentation and rennet on whole milk. The curd, drained 
by gravity and light pressure, is kneaded or worked into a but- 
ter-like consistence and pressed into forms for immediate con- 
sumption or for ripening. It contains, in the water-free substance, 
not less than fifty per cent (50%) of milk fat. 


13. Cream cheese is the unripened cheese made by the Neuf- 
chatel process from whole milk enriched with cream. It contains, 
in the water-free substance, not less than sixty-five per cent 
(65%) of milk fat. 


14. Roquefort cheese is the cheese made by the Roquefort 
process, from unheated, unpressed curd obtained by the action of 
rennet on the whole milk of sheep, with or without the addition 
of a small proportion of the milk of goats. The curd is inoculated 
with a special ripening mold (Penicillium Roqueforti) and ripens 
with the growth of the mold in the interior. The fully ripened 
cheese is friable and has a mottled or marbled appearance in 
section. 


15. Gorgonzola cheese is the cheese made by the Gorgonzola 
process, from curd obtained by the action of rennet on whole milk. 
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The cheese, ripened in a cool, moist atmosphere by the develop- 
ment of a blue-green mold, has a mottled or marbled appearance 
in section. 


Whole Milk or Partly Skimmed Milk Cheeses. 16. Edam 
cheese is the cheese made by the Edam process, from heated and 
pressed curd obtained by the action of rennet on whole milk, or 
on partly skimmed milk. It is commonly made in spherical form 
and coated with a suitable oil and a harmless red coloring matter. 

17. Emmenthaler cheese, Swiss cheese, is the cheese made by 
the Emmenthaler process, from heated and pressed curd obtained 
by the action of rennet on whole milk or on partly skimmed milk, 
and is ripened by special gas-producing bacteria, causing charac- 
teristic ‘‘eyes’’ or holes. The cheese is also known in the United 
States as ‘‘Schweitzer.’’ It contains, in the water-free substance, 
not less than forty-five per cent (45%) of milk fat. 

18. Camembert cheese is the cheese made by the Camembert 
process, from unheated, unpressed curd obtained by the action of 
rennet on whole milk or on slightly skimmed milk, and is ripened 
by the growth of a special mold (Penicillium Camemberti) on the 
outer surface. It contains, in the water-free substance, not less 
than forty-five per cent (45%) of milk fat. 

19. Brie cheese is the cheese made by the Brie process, from 
unheated, unpressed curd obtained by the action of rennet on 
whole milk, on milk with added cream, or on slightly skimmed 
milk, and is ripened by the growth of a special mold on the outer 
surface. 

20. Parmesan cheese is the cheese made by the Parmesan 
process, from heated and hard-pressed curd obtained by the action 
of rennet on partly skimmed milk. The cheese, during the long 
ripening process, is coated with a suitable oil. 


Skimmed Milk Cheeses. 21. Cottage cheese, Schmierkase, is 
the unripened cheese made from heated (or scalded) curd ob- 
tained by the action of lactic fermentation or lactic acid or rennet, 
or any combination of these agents, on skimmed milk, with or 
without the addition of butter-milk. The drained curd is some- 
times mixed with cream, salted, and sometimes otherwise seasoned. 


Whey Cheeses. 22. Whey cheese (so called) is produced by 
various processes from the constituents of whey. There are a 
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number of varieties each of which bears a distinctive name, ac- 
cording to the nature of the process by which it has been pro- 
duced, as, for example, ‘‘Ricotta,’’ ‘‘Zieger,”’ ‘«Primost,’’ ‘‘My- 
SOSt.a) 


Sugar and Sugar Products—Sugars. 1. Sugar is the product 
chemically known as sucrose (saccharose), chiefly obtained from 
sugar cane, sugar beets, sorghum, maple and palm. 


2. Granulated, loaf, cut, milled, and powdered sugars, are 
different forms of sugar, and contain at least ninety-nine and five- 
tenths per cent (99.5%) of sucrose. 

3. Maple sugar, maple concrete, is the solid product resulting 
from the evaporation of maple sap or maple syrup. 

4, Massecuite, melada, mush sugar, and concrete, are products 
made by evaporating the purified juice of a sugar-producing plant, 
or a solution of sugar, to a solid or semi-solid consistence, and in 
which the sugar chiefly exists in a crystalline state. 


Molasses and Refiners’ Syrup. 1. Molasses is the product left 
after separating the sugar from massecuite, melada, mush sugar, 
or concrete, and contains not more than twenty-five per cent 
(25%) of water and not more than five per cent (5%) of ash. 


2. Refiners’ syrup, treacle, is the residual liquid product ob- 
tained in the process of refining raw sugars, and contains not more 
than twenty-five per cent (25%) of water and not more than eight 
per cent (8%) of ash. 


Syrups. 1. Syrup is the sound product made by purifying 
and evaporating the juice of a sugar-producing plant without re- 
moving any of the sugar. 


2. Sugar-cane syrup is syrup made by the evaporation of the 
juice of the sugar-cane or by the solution of sugar-cane concrete, 
and contains not more than thirty per cent (30%) of water and 
not more than two and five-tenths per cent (2.5%) of ash. 


3. Sorghum syrup is syrup made by the evaporation of sor- 
ghum juice or by the solution of sorghum concrete, and contains 
not more than thirty per cent (30%) of water and not more than 
two and five-tenths per cent (2.5%) of ash. 


4. Maple syrup is syrup made by the evaporation of maple 
sap or by the solution of maple concrete, and contains not more 
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than thirty-five per cent (35%) of water, and weighs not less than 
eleven (11) pounds to the gallon (231 eu. in.) 

5. Sugar syrup is the product made by dissolving sugar to the 
consistence of a syrup, and contains not more than thirty-five 
per cent (35%) of water. 

Glucose Products. 1. Starch sugar is the solid product made 
by hydrolyzing starch or a starch-containing substance until the 
greater part of the starch is converted into dextrose. Starch 
sugar appears in commerce in two forms, anhydrous starch sugar 
and hydrous starch sugar. The former, crystallized without water 
of crystallization, contains not less than ninety-five per cent 
(95%) of dextrose and not more than eight-tenths per cent 
(0.8%) of ash. The latter, crystallized with water of erystalliza- 
tion, is of two varieties: 70 sugar, also known as brewers’ sugar, 
contains not less than seventy per cent (70%) of dextrose and 
not more than eight-tenths per cent (0.8%) of ash; 80 sugar, 
climax or acme sugar, contains not less than eighty per cent 
(80%) of dextrose and not more than one and one-half per cent 
(1.5%) of ash. 

Honey. 1. Honey is the nectar and saccharine exudations of 
plants gathered, modified and stored in the comb of honey bees 
(Aphis mellifica and A. dorsata) ; is laevo-rotatory, contains not 
more than twenty-five per cent (25%) of water, not more than 
twenty-five hundredths per cent (.25%) of ash, and not more than 
eight per cent (8%) of sucrose. 

2. Comb honey is honey contained in the cells of comb. 

3. Extracted honey is honey which has been separated from 
the uncrushed comb by centrifugal force or gravity. 

4. Strained honey is honey removed from the crushed comb 
by straining or other means. 

Cacao Products. 1. Cacao beans, cocoa beans, are the seeds 
of the cacao tree, Theobroma cacao L. 

2. Cacao nibs, cocoa nibs, cracked cocoa, is the roasted, broken 
cacao bean freed as far as is practicable from cacao shell or husk. 

3. Chocolate, plain chocolate, bitter chocolate, chocolate 
liquor, chocolate paste, bitter chocolate coating, is the solid plastic 
mass obtained by grinding cacao nibs without the removal of fat 
or other constituents except the germ, and contains not less than 
fifty per cent (50%) cacao fat and, on the moisture and fat-free 
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basis, not more than eight and five-tenths per cent (8.5%) total 
ash, not more than four-tenths per cent (0.4%) ash insoluble in 
hydrochelorie acid, not more than five and six-tenths per cent 
(5.6%) ash insoluble in water, not more than seven per cent (7%) 
crude fiber, not more than four per cent (4%) cacao shell. 

4. Sweet chocolate, sweet chocolate coating, is chocolate 
mixed with sugar (sucrose), with or without the addition of cocoa 
butter, spices, or other flavoring material, and contains on the 
moisture, sugar and fat-free basis, no higher percentage of total 
ash, ash insoluble in hyrochlorie acid, ash insoluble in water, 
erude fiber, or cacao shell, respectively, than is found in the 
moisture and fat-free residue of chocolate. 

5. Cocoa, powdered cocoa, is chocolate deprived of a portion 
of its fat and finely pulverized and contains not less than twenty 
per cent (20%) cacao fat and, on the moisture and fat-free basis, 
no higher percentage of total ash, ash insoluble in hydrochloric 
acid, ash insoluble in water, crude fiber, or cacao shell, respec- 
tively, than is found in the moisture and fat-free residue of 
chocolate. 

6. Sweet cocoa, sweetened cocoa, is cocoa mixed with sugar 
(sucrose), and contains not more than sixty per cent (60%) 
sugar in the finished product, and, on the moisture, sugar and 
fat-free basis, no higher percentage of total ash, ash insoluble in 
hydrochloric acid, ash insoluble in water, erude fiber, or cacao 
shell respectively, than is found in the moisture and fat-free 
residue of chocolate. 

7. Milk chocolate, milk cocoa, sweet milk chocolate, and 
sweet milk cocoa, are chocolate, cocoa, sweet chocolate, and sweet 
cocoa, respectively, to which milk has been added in the course of 
their preparation and which contain not less than twelve per 
cent (12%) of whole milk solids in the finished product. 

Flavoring Extracts—1. A flavoring extract is a solution in 
ethyl alcohol of proper strength of the sapid and odorous prin- 
ciples drived from an aromatic plant, or parts of the plant, with or 
without its coloring matter, and conforms in name to the plant 
used in its preparation. © 

2. Almond extract is the flavoring extract prepared from oil 
of bitter almonds, free from hydrocyanic acid, and contains not 
less than one per cent (1%) by volume of oil of bitter almonds. 
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2a. Oil of bitter almonds, commercial, is the volatile oil ob- 
tained from the seed of the bitter almond (Amygdalus communis 
L.), the apricot (Prunus armeniaca L.), or the peach (Amygdalus 
persica L.). 

3. Anise extract is the flavoring extract prepared from oil of 
anise, and contains not less than three per cent (3%) of oil of 
anise. 

3a. Oil of anise is the volatile oil obtained from the anise seed. 

4. Celery seed extract is the flavoring extract prepared from 
celery seed or the oil of celery seed, or both, and contains not less 
than three-tenths per cent (0.3%) by volume of oil of celery seed. 

4a. Oil of celery seed is the volatile oil obtained from celery 
seed. 

5. Cassia extract is the flavoring extract prepared from oil 
of cassia, and contains not less than two per cent (2%) by volume 
of oil of cassia. 

5a. Oil of cassia is the lead-free volatile oil obtained from the 
leaves or bark of Cinnamomum cassia Bl. and contains not less 
than seventy-five per cent (75%) by weight of cinnamic aldehyde. 

6. Cinnamon extract is the flavoring extract prepared from 
oil of cinnamon, and contains not less than two per cent (2%) by 
volume of oil of cinnamon. 

6a. Oil of cinnamon is the lead-free volatile oil obtained 
from the bark of the Ceylon cinnamon (Cinnamomum zeylanicum 
Breyne), and contains not less than sixty-five per cent (65%) by 
weight of cinnamic aldehyde and not more than ten per cent 
(10%) by weight of eugenal. 

7. Clove extract is the flavoring extract prepared from oil 
of cloves, and contains not less than two per cent (2%) by volume 
of oil of cloves. 

7a. Oil of cloves is the lead-free, volatile oil obtained from 
cloves. 

8. Ginger extract is the flavoring extract prepared from 
ginger, and contains in each one hundred (100) cubic centimeters 
the aleohol-soluble matters from not less than twenty (20) grams 
of ginger. 

9. Lemon extract is the flavoring extract prepared from oil 
of lemon or from lemon peel, or both, and contains not less than 
five per cent (5%) by volume of oil of lemon. 
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9a. Oil of lemon is the volatile oil obtained, by expression or 
alcoholic solution, from the fresh peel of the lemon (Citrus Limo- 
mum L.), has an optical rotation (25° C.) of not less than + 60° 
in a 100-millimeter tube, and contains not less than four per cent 
(4%) by weight of citral. 

10. Terpeneless extract of lemon is the flavoring extract 
prepared by shaking oil of lemon with dilute alcohol, or by dis- 
solving terpeneless oil of lemon in dilute alcohol, and contains 
not less than two-tenths per cent (0.2%). by weight of citral de- 
rived from oil of lemon. 


10a. Terpeneless oil of lemon is oil of lemon from which all 
or nearly all of the terpens have been removed. 


11. Nutmeg extract is the flavoring extract prepared from oil 
of nutmeg, and contains not less than two per cent (2%) by 
volume of oil of nutmeg. 


lla. Oil of nutmeg is the volatile oil obtained from nutmegs. 


12. Orange extract is the flavoring extract prepared from 
oil of orange, or from orange peel, or both, and contains not less 
than five per cent (5%) by volume of oil of orange. 


12a. Oil of orange is the volatile oil obtained, by expression 
or alcoholic solution, from the fresh peel of the orange (Citrus 
aurantium L.), and has an optical rotation’ (25°C.) of not less 
than +95° in a 100-millimeter tube. 


13. Terpeneless extract of orange is the flavoring extract 
prepared by shaking oil of orange with dilute alcohol, or by 
dissolving terpeneless oil of orange in dilute alcohol, and corre- 
sponds in flavoring strength to orange extract. 

13a. Terpeneless oil of orange is oil of orange from which all 
or nearly all of the terpenes have been removed. 

14. Peppermint extract is the flavoring extract prepared 
from oil of peppermint, or from peppermint, or both, and contains 
not less than three per cent (3%) by volume of oil of peppermint. 

14a. Peppermint is the leaves and flowering tops of Mentha 
piperita L. 

14b. Oil of peppermint is the volatile oil obtained from 


peppermint, and contains not less than fifty per cent (50%) by 
weight of menthol. 
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15. Rose extract is the flavoring extract prepared from otto 
of roses, with or without red rose petals, and contains not less 
than four-tenths per cent (0.4%) by volume of otto of roses. 

15a. Otto of roses is the volatile oil obtained from the petals 
of Rosa damascent Mill., R. centrifolia L., or R. moschata Herrm. 

16. Savory extract is the flavoring extract prepared from oil 
of savory, or from savory, or both, and contains not less than 
thirty-five hundredths per cent (0.35%) by volume of oil of 
savory. 

16a. Oil of savory is the volatile oil obtained from savory. 

17. Spearmint extract is the flavoring extract prepared from 
oil of spearmint, or from spearmint, or both, and contains not 
less than three per cent (3%) by volume of oil of spearmint. 

17a. Spearmint is the leaves and flowerings tops of Mentha 
spicata L. 

17b. Oil of spearmint is the volatile oil obtained from spear- 
mint. 

18. Star anise extract is the flavoring extract prepared from 
oil of star anise, and contains not less than three per cent (3%) 
by volume of oil of star anise. 

18a. Oil of star anise is the volatile oil distilled from the 
fruit of the star anise (Illicium verum Hook). 

19. Sweet basil extract is the flavoring extract prepared 
from oil of sweet basil, or from sweet basil, or both, and contains 
not less than one-tenth per cent (0.1%) by volume of oil of sweet 
basil. 

19a. Sweet basil is the leaves and tops of Ocymum basili- 
cum L. 

19b. Oil of sweet basil is the volatile oil obtained from basil. 

20. Sweet marjoram extract, marjoram extract, is the flavor- 
ing extract prepared from the oil of marjoram, or from marjoram, 
or both, and contains not less than one per cent (1%) by volume 
of oil of marjoram. 

20a. Oil of marjoram is the volatile oil obtained from 
marjoram. 

21. Thyme extract is the flavoring extract prepared from oil 
of thyme, or from thyme, or both, and contains not less than two- 
tenths per cent (0.2%) by volume of oil of thyme. 
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21a. Oil of thyme is the volatile oil obtained from thyme. 


22, Tonka extract is the flavoring extract prepared from 
tonka bean, with or without sugar or glycerin, and contains not 
less than one-tenth per cent (0.1%) by weight of coumarin 
extracted from the tonka bean, together with a corresponding 
proportion of the other soluble matters thereof. 

22a. Tonka bean is the seed of Coumarouna adorata Abulet 
(Dipteryx odorata (Aubl.). Willd.) 


23. Wanilla extract is the flavoring extract prepared from 
vanilla bean, with or without sugar or glycerin, and contains in 
one hundred (100) cubic centimeters the soluble matters from 
not less than ten (10) grams of the vanilla bean. 

23a. Vanilla bean is the dried, cured fruit of Vanilla plani- 
folia Andrews. 

24. Wintergreen extract is the flavoring extract prepared 
from oil of wintergreen, and contains not less than three per cent 
(3%) by volume of oil of wintergreen. 

24a. Oil of wintergreen is the volatile oil distilled from the 
leaves of the Gaultheria procumbens L. 

The state and territorial standards prevailing, as far as could 
be ascertained at time of going to press, are given in Table 151. 
This table follows closely the legal standards for dairy products 
issued May Ist, 1916, by the U. S. Department of Agriculture, 
and which was subsequently revised by Taylor and Thomas.’ 
Numerous further revisions have been made, based upon informa- 
tion contained in letters or circulars obtained at original sources. 
In a few instances it has been found impossible to obtain any con- 
firmatory information. 


STATE BACTERIA STANDARDS. 
The only states that have adopted bacteria standards are 
the following: 
California.—In milk as Note (1) ; cream as Note (2). 
Connecticut.—In milk 100,000 per ce., in cream 5,000,000 per 


ee. After pasteurizing in milk 50,000 per ec., in cream 100,000 
per ce. 


Delaware.—In milk, 100,000 per ec., Cream as Note (7). 
Georgia.—In milk 500,000 per ee. 
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Hawaii—In milk, 1,000,000 per ee. 

Idaho.—In milk 500,000 per ce., cream, 500,000 ee. 
Montana.—In milk or ice cream, 500,000 per ce. 
New Hampshire——In milk, 500,000 per ce. 

New York.—In milk and cream as Note (13). 
Oklahoma.—In milk as Note (16). 

Porto Rico.—In milk, 100,000 per ce. 
Vermont.—In milk, 200,000 per ce. 
Washington.—In milk, 400,000 per ec. 


STANDARDIZATION OF PASTEURIZATION—TIME AND 
TEMPERATURES. 


The States that have established control of pasteurization and 
the standards adopted are as follows :— 

Arizona.—145° F. for 30 minutes. 

California.—140-145° F. for 25 minutes. (5). 

Connecticut.—142-148°F. for 30 minutes. 

Delaware.—145° F. for 30 minutes. 

Indiana.—145° F. for 30 minutes or 160° F. for 30 seconds. (9). 

Towa.—145° F. for 30 minutes. 

Louisiana.—140° F. for 20 minutes. 

Massachusetts.—_140-145° F. for 30 minutes. 

Michigan.—145° F. for 30 minutes or 185° flash. 

Minnesota.—145° F. for 30 minutes or 180° flash. 

Montana.—140-145° F. for 30 minutes. 

Nebraska.—(5). 

New Jersey.—142-145° F. for 30 minutes. 

Nevada.—140° F. for 25 minutes or 170° F. flash method. 

New York.—142-145° F. for 30 minutes. 

Oklahoma.—145° F. for 25 minutes, or 150° F. for 20 minutes, 
or 170° F., flash method. 

Oregon.—140° F. for 30 minutes (5). 

Tennessee.—145° F. for 30 minutes or 165° F. for 30 seconds. 

Vermont.—145° F. for 30 minutes. 

Washington —140° F. for 25 minutes. 

Wyoming.—145° F. for 30 minutes or 165° for 30 seconds. 

These standards were established in the manner indicated 
under the heading ‘‘Standards Established by’’ in the tables. 
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NOTES 


Grade A.—raw—less than 100,000 bacteria per ce. 

Grade A—pasteurized—less than 200,000 bacteria per cc. before 
pasteurization; less than 15,000 after pasteurization. 

Grade B—less than 1 million bacteria per ce. before pasteurization; 
less than 50,000 after pasteurization. 


ee woe than two times the bacteria in the corresponding grade 
of milk. 


U. S. Department of Agriculture Standards. 

Half skim, 25 per cent fat, 

Fat in evaporated milk must be 27.5 per cent of the total solids. 
Less than 50 per cent of total solids. 


The sum of the percentages of milk fat and total milk solids in un- 
Sweetened evaporated milk shall be not less than 33.7 per cent. 


Bacteria standard for milk and ice cream is 500,000 per cc. 


Compulsory pasteurization of milk products entering into the manu- 
facture of ice cream. 


(10). Defined without numerical standard. 


(11). 
(12). 


(18). 


(GZ): 


Skim-milk from creameries required to be pasteurized to 180° F. 
“By terms of law enacted in 1917, provision is made for the sale of 
milk, provided that such be ‘pure natural milk’ and that ‘every 
can, bottle, or other container in which such milk is shipped, sold 
or delivered, at wholesale or retail, is plainly labeled so as to show 
its guaranteed composition.’ ” 

Grade A, Raw: 

Milk—not more than 60,000 bacteria per cc. 

Cream—not more than 300,000 bacteria per cc. 

Grade A, pasteurized: (Milk or cream before pasteurization not 
more than 200,000 bacteria per cc.) 

Milk—not more than 30,000 bacteria per cc. 

Cream—not more than 150,000 bacteria per cc. 

Grade B, raw: 

Milk—not more than 200,000 bacteria per cc. 

Cream—not more than 750,000 bacteria per cc. 

Grade B, pasteurized: (Milk or cream before pasteurization, no 
more than 1,500,000 bacteria per cc.) 

Milk—not more than 100,000 bacteria per cc. 

Cream—not more than 500,000 bacteria per cc. 

Cheese made from skimmed or partially skimmed milk must be 
branded with the words, “Skim-milk Cheese;” if it contains 13 per 
cent milk fat or over, it may be branded, ‘Medium Skim-milk 
Cheese,” or if it contains 18 per cent of milk fat or over, it may be 
branded ‘Special Skim-milk Cheese.” 


(15). Milk falling under the standard for whole milk shall be termed 


(16). 


(17). 


(18). 


(19). 


skim-milk. 

“Bottled raw milk must not contain more than 100,000 bacteria from 
May 1 until Oct. 1. All pasteurized bottled milk not more than 
50,000 in the same period of time.” 

“All milk and cream used in manufacture of creamery butter and 
ice cream for commercial purposes, and all milk bought to be resold, 
must be pasteurized.” 

“Tf a person accused of violating section one of this act shall furnish 
satisfactory affidavit that nothing has been added to or taken from 
the milk in question, which is otherwise pure and wholesome, and is 
not below three (3) per centum of butterfat, ... no prosecution 
shall be instituted against said person.” 

Cheese—full cream, not less than 32 per cent butter fat. Three 
fourth cream not less than 24 per cent butterfat. One-half cream 
not less than 16 per cent butter fat. One-fourth cream not less than 
8 per cent butter fat. Skimmed—less than 8 per cent butter fat. 


. Cheese—half skim not less than 25 per cent butter fat, and quarter 


skim not less than 12 per cent butter fat, in the water-free substance. 


_ United States standards followed upon products not specified in 


State laws. 


. Ice milk (frozen) 2.40 per cent fat and .60 per cent gelatin. 
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NOTES— (Continued) 


(23). Composition is to be indicated upon the label, in the case of evapo- 
rated milk. 

(24). No state standards. Nearly all incorporated municipalities control 
sale of dairy products by ordinance. 


(25). Ice cream to contain not less than 20 per cent milk solids, and to 
weigh not less than 4.75 lbs. per gallon. 


(26). Plain ice cream to contain not less than 18 per cent of milk solids. 
Fruit ice cream not less than 15 per cent of milk solids. 


(27). Ice cream to contain 32.5 per cent total solids. 

(28). Ice cream to contain not less than 18.00 per cent milk solids. 

(29) Milk for making butter, cheese and condensed milk may contain 
8.0 per cent fat. 

(30). Ice cream to contain not less than 30 per cent of total solids. 

(31). Data given not confirmed at original sources. 

(32). Not over 39 per cent of water in whole milk cheese. 


STATISTICS ON MILK AND CREAM REGULATIONS IN CITIES 
AND TOWNS. 


In 1916 a committee from the Official Dairy Instructors’ Asso- 
ciation® made a study of the milk and cream regulations in 694 
cities and towns in the United States The cities were classified 
into four groups according to population and studies were made 
of the various regulations. Some of the information obtained is 
shown in detail in Table 152 to 172 as follows: 


® 


TABLE 152. 
Grouping of Cities and Regulations Available for Study. 


POPULATION 
° 
wn ge ss Os 

Number of cities and towns represented in this 

EWEN KN fos JOG cictouid oa olN Cee GW ERE qiokband Wo sia Dun & 511 | 183 | 42] 8 694 
Number of cities and towns reporting no regula- 

GUO sree wletiteneesticer exe areca sits SOOO Ope te 218 5 OF 223 
Number of cities and towns from which partial 

regulations were available.......,........... 59 3 0; 0 62 


Number of complete regulations of cities and 
COWS Tepresented eerie pealcoe 125 eed ones 409 


CoMPOSITION REGULATIONS 851 


TABLE 158. 
Regulations Relating to Water. 
POPULATION 
sg | £2 | 52 | sg | one 
S2 | 8s | 33 | os 
Number of regulations limiting percentage of 
WAL TEs Meer te eRe Oe ee Sore a HD) Bh) Pal 7 160 
Number of regulations not referring to per- 
Centacerol- waters meen we eet TA ee okey: 155 | 72 | 21 1 249 
Number of regulations limiting water content 
of milk to 
89.00 per cent....... SO eae eres ice 1 0 1 |) 2 
SSsolapely Cente nae ay ase Bese: On| melt OQ] @ itil 
8S: 50bper cent prea eeee ee ree 3 0 PAM PS vi 
SSiZ opel Cen Uae meen eae eee ee a ee 2 2 iO 5 
gots 0,0):] OfSI8 ES Nia es oth cogpeto oguteeerinos aeine maior 44} 29) 12] 4 89 
SHolsper centre tata ee eee 1 2 @ |, @ 3 
3 SOU RDETLCEN Gar, eee ee ener Aer renee, 12 4 Sl) at 20 
S7-05rperieent nis ofan et ack Si ee 0 1 0] 0 1 
SHOOMDETCONU oi era tr k oe caliente 12 3 2) 0 17 
SOMSOMpenicentarrr enon crc meee 1 0 0; 0 1 
SO00Pperscent ls quan seer men eee meson: 2 1 0} 0 3 
S:00 peri Centoecrtyass fore oma eat 1 0 0; O 1 
TABLE 154, 
Regulations Relating to Total Solids. 
Number of regulations requiring a minimum 
percentagejotstotalisolidsia.ssa. eee 106] 60] 25) 7 198 
Number of regulations not referring to per- 
centage oMmotalesOlics waren ele 12S] On |e a ee 211 
POPULATION 
° s Se ame cory 
iS & ok 5s OITIE! 
Number of regulations having or calling for 
1300; percent sOcalesolids nei tet seater 13 2 2A) ile 
(22> percent totalesolidsienss0 rls 2 2 i 5 
1250 percentesOtasollds serial 1 a || 20 
1ZoloeperacentebotalesOlaS ase pte satire 6 2 Ol) 8 
12.00 per cent total solids................ 59} 46] 15] 4 124 
Me 7Sepetacent cova mSOllGS watt. ene ctr eo 2 It ow 5 
11.50 per cent total solids................ 7 5 Sule, 17 
11.00 per cent total solids...............- 1 ty) 0; 0 1 
1 0 Ol) 1 


10.50 per cent total solids................ 
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TABLE 155. 
Regulations Relating to Solids Not Fat. 


POPULATION 
ie} 
Se | 52 | 28 | 2g | Sess 
S< | £2 | 23 | 6g 
Number of regulations calling for minimum 
percentage of solids not fat.................. 88} 24] 16] 1 79 
Number of regulations not referring to per- 
centage of, solidsnot fat. ..s7s. 09 -er oss see | 198 | 103 | 26] 7 334 
Number of regulations calling for 
10.50 per cent solids not fat..............] 0 1 0] 0 1 
9.50 per cent solids not fat..............] 1 1 0; 0 2 
9.25 per cent solids not fat..............] 0 1 0; 0 1 
9.00 per cent solids not fat..............]| 6 2 D0 9 
8.75 per cent solids not fat............. 1 2 41 0 7 
8.50 per cent solids not fat.............. 28) 1451 ts) 54 
8.25 per cent solids not fat.............. 0 1 0| 0 1 
8.00 per cent solids not fat.............. 2 2 Oso 4 
‘ TABLE 156. 
Regulations Relating to Fat in Milk. 
Number of regulations requiring a minimum 
percentage*ol fatweac mente ee ie a LS7a ee Sls er SZ 257 
Number of regulations not referring to percent- 
age ofifats. Hes ctat aie Se ee a nas ep) LEE OO a 152 
Number of regulations calling for 
4,00 perrcentatatnad. aes ce csi atctashs preceke 0 0 Late 1 
d.7O,per cen tilaticqas- i ee ae ee 2 0 0| 0 2 
S60 pervcenttatesscossec Sem eee 2 1 at oe 4 
Sol apermcent fateccmecetanom ate een 0 1 LeieeO 2 
3:00 spericent fat. s.r ine wate eee cmioe 35 | 10 Kia Vis 53 
3. 40ipericent fate. accepts en cicta: 3 1 Wi @ § 
SO comperacent fatyodmnaste ancien aes 8 z 0| 0 10 
Number ot regulations calling for 
GrOOLMCrECEN EAD winnie te eee ee eee 0 “a Oy 0) if 
SAY [LIE CONG WM saan no coo anaestngdeoesc 20} 19 @i|! il 46 
SO DEMCent TAt. sane csc Ms sabes one 0 2 2] 0 4 
‘S-OOMPCIa cen telah san a ree ee a 67 | 43 12) 5 127 
2-OO,PEEMCEND Lata i.) osiGinay Sods «sitet ot 0 1 Lif 2 


BACTERIA REGULATIONS 


TABLE 157, Regulations Relating to Bacteria in Milk 


Number of regulations having a legal limit for 
bacteniasingmntl wae ete a hee 


Number of regulations having a numerical 
limit eon ac Geriar eemeee eeen eer eee 
50,000 per cubic centimeter............ 

100,000 per cubic centimeter............ 

150,000 per cubic centimeter............ 

200,000 per cubic centimeter............ 

250,000 per cubic centimeter............ 

300,000 per cubic centimeter............ 


350,000 per cubic centimeter............ 


POPULATION 


66 | 24 
59 | 18 
1 0 
11 3 
3 1 
a 4 
4 2 
10 2 
0 0 


ROE ORO 


TABLE 158. Regulations Relating to Fat in Cream. 


Number of regulations requiring a minimum 
Percentagerolstabetis ce sews: aol wac eae 
Number of regulations not referring to percent- 


Number of regulations calling for 
25 Oipenicent fat. essere eee 
22: Oipericentilat snes sccm anh Ae ee oon 
20 Okpericentefatseccce wen temenwecs a rlsa ae 
IMOpperzcentilateer ceo cethelentet rete ere 
LS -Olpericentitatnccsn seen teas acl: 
Lieonpers cent Lathancn ccs scent nied acne 
AGO; pericentstat oasryinracaae pom mre ors 
LS-OMPErACeMtat Abs eme-ce tase eiels yee eyed ater: 
TAVOopereCen tahat verry: «-aranies cays eke hoa 
1 OlOhperucentatate wees set as ise ini= 


TABLE 159. Regulations Relating to Tuberculin Test. 


Number of regulations specifying that cows 
Be tuberculin tested..............---++-: 
Bertestedkonce a vealed cr -\rlne ei 
Be tested once in two years............-- 
Be tested twice a year..........0+--+006> 
Be tested at discretion of inspector...... 


49} 20 
76} 22 
1 0 
0 0 
3 5 
0 0 
29 | 12 
0 0 
6 3 
10 0 
0 0 
0 0 


POPULATION 
S3| 8s 
Beh) 
21 21 
16 | 14 

1 0 

1 0 

0 1 


wo 


Sowocoonocoocoosd 
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TABLE 160. 


Regulations Relating to Bacteria in Cream. 


Number of regulations having a numerical 
limit for bacteria of: 
400,000 per cubig centimeter.......>.... 
500,000 per cubic centimeter:........... 
1,000,000 per cubic centimeter............ 
5,000,000 per cubic centimeter........ ee 
Number of regulations having a legal limit for 
bacteriamnbcre aimee teeter iter: 
Number of regulations not referring to bacterial 
limitstinkereamina cone cten ceva e Wate eee 
Number of .regulations having a numerical 
limit for bacteria of 
50,000 per cubic centimeter............ 
100,000 per cubic centimeter......... poke 


150,000 per cubic centimeter............ 


200,000 per cubic centimeter............ 
250,000 per cubic centimeter............ 
300,000 per cubic centimeter.......... sh 
350,000 per cubic centimeter............ 
500,000 per cubic centimeter............ 
800,000 per cubic centimeter............ 
1,000,000 per cubic centimeter............ 


TABLE 161. 


227 


WOHrFoOoOOrFcCOF 


POPULATION 
° & 

3 | 38 

wa | Se 

et 

o7| 11 

2| 0 

o| o 

15.1 8 

110 34 

0| 0 

1 0 

TOKO 

1} “0 

0| 0 

1 2 

1 0 

4 5 

0| 0 

6 1 


¢ 


Regulations Relating to Temperature. 


POPULATION 


So Ss 8. 
Number of regulations calling for a temperature 
not higher than 

OD iret x hm ten eee mat avert n vtec eet eee 6 1 2 
Oe Hoes Ww cnet date thre thon ete, Aen ee 0 2 0 
OO ae tee cei ekicne seis ava ere Poe || aK) |! ala 
OSre Hane te mratn te conker ioe Seog an Geir same 0 1 0 
DOH aan ier mre caer 1 0 0 
oe har ads or Aken ACerS OR REA Re 1 | a8} 2 
EUS Or eco secant Sari ey tr 3 OR ORIN EL Es 46 | 36] 15 
rama Uraethrdt OA Be tacts ee SRG ER EOC TE Ce tie 1 0° 0 


Or. COLO OOS Or 


Over 
500,000 


eFPoonanorTce 


TOrAl 
CITIES 


woOoNnrrre 


a it 
oOoror 


TOTAL 
CITIRS 
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TABLE 162. Regulations Relating to Specific Gravity. 


POPULATION 
Ss Se $e S pore 
58 3s gs gS CITIES 
Ba | 28 | 38 | o8 
Number of regulations prescribing a minimum 
specific gravityecceoe ee ee 0} 31 vi @ 38 
Number of regulations requiring a specific 
gravity of 
TOSOIO se cris easier Seon a ee San cs 0 2 0 0 2 
LO2D ORs et Nee ent ane erate ae base 0 4 0] 0 4 
OA Sa an feisicrs coin ri eee ORs 0 2 0} 0 2 
DOSS etre tia Ae RES eee erence 0 1 1 0 2 
MO 2G TOSS meet care ee ieiclerne cs aioe 0 0 Sale 3 
EO QO wiaccrs ats soar e scene Siete iene 0} 20 3] 0 23 
VQ 2B YF eerie olete o/c Neh ec oicw aie ete Be a 0 1 0] 0 1 
MOQ Mens iwercte tte oan eon ier 0 1 O10 1 
= TAELE 163. Regulations Relating to Water Supply. 
POPULATION 
° ice a es TOTAL 
aS of 2s 5S CITIES 
Bs | Be | B3 | os 
Number of regulations requiring that water 
supply be 
Gleaner ee eee Pre nice: UO | eke |, Sol | 107 
Ere Dictyet testes eerie Brees D3 3 AsO 30 
Wornveniente nee ee if 0 AL ll Ol 12 
A DUNG AMG eee se iteh wre eee seen aes 29 14 9 1 53 
Free from contamination................ 54] 3 F.|| 98 
PUTO eta reais. eace oe Pees 0 6 8} 0 14 
Well kChOSGMea rrcrctets nies cine sess sceccoiets orsds's cos 0 1 Oni i 
Suitableseracsmeacciie te rer Gcocie sine ap ero 0 1 0|/ 0 1 
TABLE 164. Regulations Relating to Milkers. 
POPULATION 
° ° £ TOTAL 
Se | 2S SS | ts CITIES 
ee | 83 | Ss | 2 
Number of regulations requiring that 
Milker be free from disease.........-..--. LOOM oan e225 190 
Minliisersbeucle anmrrerrercreenchetterctctensreratcts 73 | 40) 18 0 131 
Milker wear clean clothes...............- Gil) G¥E I; Tee) at 108 
Milker wash hands before milking........| 52] 41 | 16] 2 111 
Milker brush nails before milking........ 8 4 230 14 
Milking be done with clean dry hands....) 46] 22] 10] 1 79 
Hands be not wet during milking........ 12 | 22 4/1 0 38 
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TABLE 165. 


Conditions Which Render Milk Legally Unsalable. 


POPULATION 
° 
8g a si | 22 cries 
aa an ss og 
Number of regulations which forbid the sale 
of milk under conditions stated below......... 234 {115} 39] 8 396 
Number of regulations which do not mention 
Whenwmiliisrunsalab legen seminars a. (fm On a0 Suto 13 
Number of regulations which mention 
Diseasedicows nce is eee tans 160 | 85) 34] 8 287 
Cows kept in filthy quarters............. G7 eoGal L210 115 
Milk containing visible dirt......... revere ete ey ali 248) 6] 1 82 
Cows kept in crowded and unhealthy 
BLAbler sceaats Art crore meant erence nese 1) || 483 ]) BO 144 
POPULATION 
sg | 8g | 23 | 58] ames 
az | §s | $s | 6 
Number of regulations which mention 
Secimentsce-mmcc testi er rast toteeneraioeee 1 0 1| 0 2 
SOLU) Bust ose Ores amber a Comite ds a eramemtemee tard? 1 0 ORO 1 
Sophisticated spencers arcs ee re crate: i) -@ 0} 0 1 
Mould vise eee eter ee ee rere 1 2 Ona O 3 
Decayed situa dem ice eee eer 3 0 Oh @ 3 
Acids plugs? ic rrseetae taste aiet arsretes tacts 1 6 | 8 
Garge tins weve oe os rin tes seine ees 1 0 0| 0 1 
‘A DNOPMIAUS epee roca ae crete cee: 3 0 0; 0 3 
Unnatural a.com eer eta feisrotecs terns 0 1 2; 0 3 
RETR GH Pens AAMAS AE on prt Seat 0 1 Orte0 1 
Decomposed san mecyni ete teen ee err tees 0 if OVO 1 
(OUR cols ows ns ee rc na ete cate azemca iene 0 3 0| 0 3 
Garlic eer ciesccnteds  eaeeoeete cero ocho 0 1 0) 0 1 
Uinhealth ye. Cees sce tae pecan se eaGee 0 9 4} 0 13 
SUTIN PY vate terrae oer oseheesc co ysls horton 0 2 21 0 4 
@abbagensct cn seceatem na cnaciees civ ae aettne 0 2 OFa0 2; 
Slimy aumento te: secure centr ee 0 0 alee 3 
Sugarwastersncerne mec nan tocsan here 0 0 Tb) 7) 
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TABLE 165—Continued. 


POPULATION 
4 ice on = TOTAL 
ss oS 2s 58 CITIES 
ENS Sey Wea PS 
se | 2% | 3B | O8 
Number of regulations which mention 
Milk when adulterated. . se82 cose ant] TON] eel) Sth) |] 83 260 
When cows are fed distillers’ “eae Meta safer 59 | 42] 17] 7 125 
When cows are fed swill................. 3 | 2h) Tes 3} 116 
From cows a certain number of days before 
COL VAD oR eres emer tata Sata 1389 | 86] 27] 6 258 
From cows a certain number of days after 
CALVIN GR ee eee te te £8 omen LE 138 | 89 | 27] 6 260 
Foreign substance in milk............... 107 | 65 | 28] 5 205 
Butretactivewleeds:.- 0 tacchiccre .ckan a Df 38 | 21 4 120 
Beedsiunwholesome,.....4-.-.0...-2006-5 TBS || EO ORT 145 
Reedssimpure-! weet) cee Pode haa oneal ve 47 | 38] 10] 0 95 
Milkauncleanws eh eects oot oe 23) |e 16 | @ 44 
Cowsttedvonsreftse..ay jaene coo ee: 41 | 28 Qi w 80 
Cowstedtrarbace. maser east eres 34] 34) 13] 3 84 
Cows fed wet brewers’ grains............ SYA || P| Tt 68 
Cows given contaminated water.......... LON LON Sane 50 
Cows fed vinegar waste..................| 6 6 GulO 18 
Pussinsimilks pete tek aero re eee 8 4 Wil @ 13 
Cowstiedsbeectipulpaaeee ae ener er 5 1 0; 0 6 
Cowsstedsturnipsy se et ae ne ae 2 2 0; 0 4 
Cowssfedistarchiwaste. seen ee 8 4 0; 0 12 
Diseasedi cows snare ein aoa 1 2 0; 0 3 
Tinsanitatye! COdsassrraren ent seen eer err 1 0 0] 0 1 
Hrozemitoods mre cents nee nee ete 1 0 0] 0 1 
Ropygmailleece cise we oe eae tre 8 6 0| 0 14 
‘Bloodyganil keer perth ar seni nec Te) ahh 4/ 1 30 
Milk above legal limits iz in bacteria......... 94; 18 0|] 0 112 
Milk above legal limitsin temperature.....| 139 | 44 20 185 
Impropersmilkeres tes ow eae etc aise 2] 4 3] 0 9 
Wratere dine. nrctisctrerse irc? chine wie sst eae 1 0 0; 0 1 
Dilute ditesern: ste cities aie cio ssa che his. 3 0 0} 0 3 
DITAR Orne ere aes cet se mes eee 1 1 0} 0 2 
Wnsoun dite see asciae ce cestuc cree secre 1 0 0/ 0 1 
BAMCC Caen aerate eerste Mee iaicre aie se ae 1 1 i}, 9 3 
MUSt Ye Renee Senn ate ite erates eke Leta 1 0 0] 0 1 
IMSOCUS Ree ree rine rise Seo aRe os cas) ac sisiere ocho e 1 0 0} 0 1 
EL BITS rec mare aeere eee tope ene ee eh os 51o eas oer 1 0 0; 0 1 
MOS cect hea Mertiaea meio aisle fied’ i 0 0! 0 1 
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TABLE 166. 


Regulations in Regard to Parturition. 


Number of regulations providing for a specific 
number of days before and after parturition 
that the milk cannot be used................ 

Number of regulations which do not cover this 
DOING Hager verses tenet teste ike he ek tueraloiaiastoveracles 

Number of regulations prohibiting the sale of 
milk 

60 days before parturition............... 
45 days before parturition............... 
42 days before parturition.,............. 
40 days before parturition............... 
SOldays)betorelparturitionass- ete 
21 days before parturition............... 
20 days before parturition............... 
15 days before parturition............... 
14 days before parturition............... 
12 days before parturition..............; 
10 days before parturition............... 
8 days before parturition............... 
4 days before parturition............... 

Number of regulations prohibiting the sale of 

milk 
21 days after parturition................. 
15 days after parturition................. 
iZidaystatter parcumbtlonneeesere ries ct 
10idaysafter parturition sas ee 
Ordaysratter, parvuritlonqeesaerieece: 
Sidays atten panturitionsensse nae: 
(daysiaiter panrturitionie.wesssceas sete 
Cidaysatten parturition seeeeme ene 
5 days after parturition................. 
4 days after parturition................. 
ds days after parturitionwe.ssees sense ne 


95 


_ 


i 
OPFOR DKF OOOO rFH 


iw) 


rt 


~I 
RKP WN FOR WOON OR 


POPULATION 


25,000 to 
100,000 


89 | 27 
36| 15 
0o| 0 
Orte “0 
Li <6 
14 0 
“Wie 
5| 0 
(aS 
63 | 23 
10 
il ct) 
31/0 
10 
1/1 '0 
0} 0 
Sel seer 
venN) 
121) 95 
F170 
Oe t 
Siiverg 
3 2 
594 93 
21-0 
0| oO 


ooroonoooocoeoo 


oowrr OOoOroce 


TOTAL 
CITIES 


261 


148 


MiLK House REGULATIONS 


TABLE 167. 


Regulations Relating to Milk House. 


859 


POPULATION 
Se Se S$, 2 
Number of regulations requiring that milk 
houses be 
Cleanta porcine ay ce een oni ces 132 | 75 | 22) 3 
Used for no other purpose............... S21 ACTOS 
LLRIS WY Ms OWING Oe oaacoonenocscesscal| LI By || TE) i 
Berwelliventilated sees. sen, eee eee Ai) Bre il atk |} 
Berwellslighted sccpaaz ie ascic os cucrsinscenlaee Gil |) Hei ahha ol 
Benwelludnained- sneer ct a ae SO ul cONln ed 4a eel 
Number of regulations requiring sterilizing 
equipment in the milk house ile? | 4G} 2/ 0 
Number of regulations requiring that milk 
house be 
Wieiltscreenediq pe aemten sia actva terete | Go| 1445) eel Guill we 
Provided with suitable racks.............] 5 4 6} 0 
Provided with cooling tanks............. $ |) 12 iy |) al 
Located a certain distance from the stable} 45] 15] 11] 0 
Number of regulations requiring milk house to 
be located 
100Hfeeteiromistaplesssae ne lec eee eea|| eo 2 0} 0 
HOMeetutromestablenea- neers hares 4 0 | 
40 feet fromstablewccces sacri coerce: 1 0 0} O 
Zomectaromus al lemaaasnen a amr eres 1 0 15 a5 0 
PD SKS IOV O Gonopdaadcvousdonecs § 1 0 0] 0 
15sfeeGuromistab lence ee 1 0 0; 0 
L2eeturomusta blemmaccecnmacerca. cnr in 0 He 
Number of regulations requiring milk house to 
be located 
1OMeetutnomustalermeccertincicr Tied orl 1 0 i 
INGRay BON AO Orcooconsaccsneotvantonoos) 4s |) iG DB) 
At a distance from stable................ 2 0 0!| 0 
With an air space between milk house 
an Gestablevceriacoetrois oneca orale saree booes 1 0 0] 0 
A partiehe contre rae store aise ide aera cis ayens 1 3 0} 0 
Distance notipiveniercre sa som oir en: 1 1 5] 0 
Number of regulations requring that 
Milk house be free from odors........... GY || PH) 6| 0 
No swine be within a stated distance....| 27 U @) |} a 
No swine be within 100 feet.............. 1 0 0; 0 
No swine be within 50 feet...............] 26 0 0! 0 
Sprayer loyey CHa Ne Goodooonsweadvouenaca| iy 0 rl oO 


TOTAL 
CITIES 
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TABLE 167—Continued. 
< POPULATION 
iS ° 2} TOTAL 
SS || =) |e | ee CITIES 
82 | 83 | Ss | Ss 
1 a ng os ee 
Number of regulations requiring that milk house 
Besagseparatem Oona errr cer actennce WEE 485) 2a |) 151 
Berardistancestrom)privynet ee ele XI) 20) | SB oil 110 
300 feet from privy SRE rien iat SAS ce oa 0 1 0| 0 1 
200 feet from privy. A eee Raenn ot Rene NER 1 0 OF 1 
100 feetiirom: privyerer eee eee ae ee 2 3 ile 6 
oi teetriLOMupLiv Vee eee een etre eae 0 0 16/20 1 
60 feet tromipriviyiyeecie es eatin i 4 1 hey) Esl 7 
ANifeet {LOM PILVAV; eee tee tee tree 2 0 OF eG 2 
PASE BRING NONAVoooocacunuacounEcduoos. 2 3 0!| 0 5 
1d feetiiromaprivyec rer ace eee oe 2 3 0} 0 5 
1OMfeet trom priviyaeeecesen eee ee 0 0 isi| at 1 
AW L¥atkODAs DULVAy a aremteia ir rerists isierer ate 16 | 18 0;} 0 34 
Notineans privysnc-cencc eran cierto 6 1 ORO 7 
Distan tages sd etecescis note coaeran isles ones 21 0 0; O 21 
Not mentionedten .. spent tems seine OR eo 9| 0 19 
TABLE 168. Regulations Relating to Milk Utensils. ¥ 
POPULATION 
se | 2g | 2e|.g| cms 
83 | 8s | Se | és 
=* | = | 88 | O8 
Number of regulations requiring that only 
round cornered utensils be used.. 5 6 5 0; 0 ll 
Number of regulations ne ay only 
utensils with smooth joints be used............] 5 4 o\ 8 19 
Number of regulations requiring iat fiteasile : 
be made of non-absorbent material.. ee 386] 15 we 58 
Number of regulations requiring that Micnais 
be well constructed........ RRR Mya Coceei erat asice tohe SO alll ave || at 62 


Washed tae fe pres at ey te 
Bcalde dh tac sth ter eee ee ae she ae 
ee 48 
Sterilize die Ayes veh Paden ake tev eee 
121 
Used for no other purpose............... 
ea os 56 
Protected from contamination.......... 52 
Number of regulations represented in the above 
ABO MIG si, aed ost ease Een ea ea 184 


Number of regulations containing nothing re- 
garding the cleaning of utenlils 


clean 
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TABLE 169. Regulations Relating to City Milk Plants. 
ee 
POPULATION 
° 
Sg | 28 | 28 | 28 | cme 
Number of regulations requiring that milk plant 
shall 
Bex wellalightedie-aera eerie ame er 9 8 || 2 26 
Bev wellaventilated. sear eee n ae. 6 7 6] 2 21 
Berwelliscreened sea. mec sete eck, act en 10} 18 Gre 35 
Bemvelldraine dase eee eee 7 8 6] 2 23 
Belpropenly.constructed aeeee re ee reance Pe 7 bl 16 
Besproperly equipped marcas nye ee eS 6 8] 0 22 
Bercleantewesctc ace er aN one eergee LOR eae On lieeo: 70 
Bestreesirombiiies) sree wissen tons aoe is 1 7 er) 10 
Betireentromrodorsesee eee ee 4 1 Zee 8 
Be free from contamination.............. 2 3 I} 2 8 
Have sewer connections.................. 2 3 25.0 7 
Have facilities for cleaning utensils in 
plantiqaeer tise Soest cine Savas 2 5 5| 3 15 
Have facilities for storing milkin plant....] 3 2 O0| 2 i 
Have running hot and cold water........ 2 5 Lael 9 
Have separate room for handling milk...| 4 2 5] 1 12 
Have tight walls and ceilings............ 2 5 GP al 14 
Havestichtatloors:ce ees cetera te 9 7 il @ 25 
Score a certain number of points......... 5 5 33 ff) 13 
Shall score not less than 
40 pointetere ae ce oe er are 0 1 0; 0 1 
SUS POINtS Hawn eee Cae em er esse 1 1 0| 0 2 
GORpOIN ts acca wre cr eee eer ierarraiee 0 1 Wy @ 2 
QORDOINGSe ee ere eer eee 2 %, © 5 
LO MDOUN USitae ene een kere ates teeta ctuste re ahaa) 0 0 ib) 1 
MOC HMeNbl ONE Ctereee eee ee Zz 0 0}; 0 2 
TABLE 170. Regulations Relating to Delivery Wagons. 
POPULATION 
9 $ TOTAL 
$e | 2g| 28 | eg | Sum 
Sg | 28 | s8 | o8 
ve a Ss 
Number of regulations requiring 
Drivers to be free from disease.......... 1105) 53; |) 14 | 0 177 
Wagons to be covered...................-| 42] 30] 12] 1 85 
Wagons toubercleananycrter rl oicin ate 88} 52) 15) 3 158 
Wagons not to haul refuse or be used for 
ANY OL her pULpOse paneer Ae len: 61 | 41] 14] 0 116 
Name of dealer to appear on wagon...... TE toe lezen lee 217 
Number of license to appear on wagon...| 123 | 74] 29] 6 232 


ee nee 
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TABLE 171. Regulations Relating to the Milk. 


POPULATION 
re) 
° S + 
ee || 23 || ee 
se s Salo 
SS | Se |) Se 
wa eh Sand =) a) 


Number of regulations requiring that 


Milk be removed immediately from barn...} 89 | 45 


Milk be cooled immediately..............] 89] 61 
MGS 1S AEREREL, onogonoaneceoousue SG 000% 23} 11 
Fore milk be discarded... 3... 00m. -..+>- 4 6 
Milk must not be strained in barn....... 4 4 
Milk must be stored only in milk house....| 9] 33 
Milk be milked into covered pails........ 20} 14 
Milk be-gradedin.rrceer es aieete ccs e scat 0 5 


OCONOFRrF OW WW 


TOTAL 
CITIES 


TABLE 172. Regulations Relating to the Scoring of Dairy Farms. 


POPULATION 

8a | 20 oe 

g= | 3 | 25 

eo | 44] 88 

Minimum score of dairy farms 

SOP tee conni te err quien try miming tatees teeta: Z 10 
TD scene nthe ee reraern cre mintosreanlane ee teen 1 OE) 
Ue AeA Ser msc tas Maceo Haase ree Gore ll) ainda a 
GO are a oeicereara sn aees Meme oe creer 8 12] 3 
DBs Qacstans rertnsrateree tere meee teers eeiee e 0 74h al 
BOS Sas carsisiairani care oterateae aeons Siete mice 3 1-0 
CU MeHRS Ren ca Cn an comsodds donact acca: 0 Oneal 
CU Rae aoe ana aE anG Hook naa anenac. ate. 3 2} 0 
AO ee eh pies aio eins Sete nireaar timer ett 6 4) 0 
NOt e1Velt en shane cee acts 1 OO 
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The old system of purchasing milk and cream by weight or 


measure with little attention being given to quality has been 
largely displaced in recent years by the adoption of methods 
which insure a higher price to the producer for rich milk or cream 
and for milk or cream of high sanitary quality. In order to apply 
this principle to the purchase of milk for the New York City 
supply the Board of Health of that city established different 
grades for both milk and cream and formulated regulations gov- 
erning distribution. 
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These regulations are given in detail as follows: 


‘Regulations of the Department of Health of the City of New 
York Relative to the Grading of Milk and Cream.—Sec. 156. 
Milk and cream; grades and designations.—All milk or cream 
held, kept, offered for sale, sold, or delivered in the City of New 
York shall beso held, kept, offered for sale, sold or delivered in 
accordance with the Regulations of the Board of Health and 
under any of the following grades or designations and not other- 
wise: 

‘‘Grade A: For Infants and Children.’’ 

1. Milk or cream (raw). 
2. Milk or cream (pasteurized). 
‘Grade B: For Adults.’’ 
1. Milk or cream (pasteurized). 
““Grade C.: For Cooking and Manufacturing Purposes Only.’’ 
1. Milk or cream not conforming to the require- 
ments of any of the subdivisions of Grade A or 
Grade B, and which has been pasteurized ac- 
cording to the Regulations of the Board of 
Health or boiled for at least two (2) minutes. 
2. Condensed skimmed milk. 


The provisions of this section shall apply to milk or cream 
used for the purpose of producing or used in preparation of sour 
milk, buttermilk, homogenized milk, milk curds, sour cream, 
Smeteny, Kumyss, Matzoon, Zoolak, and other similar products 
or preparations, provided that any such product or preparation 
be held, kept, offered for sale, sold, or delivered in the City of 
New York. 

‘‘Regulations Governing the Sale of Grade ‘A’ Milk or Cream 
(Raw).—Definition—Grade ‘A’ milk or cream (raw) is milk or 
cream produced and handled in accordance with the Regulations 
as herein set forth. 

‘“‘Regulation 113. Tuberculin test’ and physical condition — 
Only such animals shall be admitted to the herd as are in good 
physical condition, as shown by a thorough physical examination 
accompanied by a test with the diagnostic injection of tuberculin, 
within a period of one month previous to such admission. The test 
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is to be carried out as prescribed in the Regulations of the Depart- 
ment of Health governing the tuberculin testing of cattle. A chart 
recording the result of the official test must be in the possession 
of the Department of Health before the admission of any animal 
to the herd. 


‘“‘Regulation 114. Bacterial contents.—Grade ‘A’ milk 
(raw) shall not contain more than 60,000 bacteria per c. c. and 
cream more than 300,000 bacteria per c. c. when delivered to the 
consumer or at any time prior to such delivery. 


‘‘Regulation 115. Scoring of dairies—AlIl dairies producing 
milk of this designation shall score at least 25 points on equip- 
ment and 50 points on methods, or a total score of 75 points on an 
official dairy score card approved by the Department of Health. 


‘‘Regulation 116. Time of delivery.—Milk of this designation 
shall be delivered to the consumer within 36 hours after produc- 
tion. 

Regulation 117. Bottling—Milk or cream of this designation 
shall be delivered to the consumer only in bottles, unless other- 
wise specified in the permit. 


‘‘Reeulation 118. Labeling.—The caps of all bottles contain- 
ing Grade ‘A’ milk or cream (raw) shall be white, with the 
gerade and designation ‘Grade A (raw)’ the name and address of 
the dealer, and the word ‘certified’ when authorized by the state 
law, clearly, legibly, and conspicuously displayed on the outer 
side thereof. No other word, statement, design, mark, or device 
shall appear on that part of the outer cap containing the grade 
and the designation unless authorized and permitted by the 
Department of Health. A proof print or sketch of such cap, 
showing the size and arrangement of the lettering thereon, shall 
be submitted to and approved by the said Department before 
being attached to any bottle containing milk or cream of the said 
grade and designation. 


“Additional Regulations Governing the Sale of Grade ‘A’ 
Milk or Cream (Pasteurized). Definition—Grade ‘A’ milk or 
cream (pasteurized) is milk or cream handled and sold by dealers 
holding permits therefor from the Board of Health, and produced 


and handled in accordance with the Regulations as herein set 
forth. 
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‘‘Regulation 119. Physical examination of ecows.—All cows 
producing milk or cream of this designation must be healthy, as 
determined by a physical examination made annually by a duly 
licensed veterinarian. 

‘Regulation 120. Bacterial content—Milk of this designation 
shall not contain more than 30,000 bacteria per ec. c. and cream 
more than 150,000 bacteria per c. ec. when delivered to the con- 
sumer or at any time after pasteurization and prior to such de- 
livery. No milk supply averaging more than 200,000 bacteria per 
ce. c. Shall be pasteurized to be sold under this designation. 

“Regulation 121. Scoring of dairies.—All dairies producing 
milk or cream of this designation shall score at least 25 points on 
equipment and 43 points on methods, or a total score of 68 points 
on an official score card approved by the Department of Health. 

‘‘Regulation 122. Times of delivery.—Milk or cream of this 
designation shall be delivered within 36 hours after pasteuriza- 
tion. 

“Regulation 123. Bottling—Milk or cream of this designa- 
tion shall be delivered to the consumer only in bottles unless 
otherwise specified. 

Regulation 124. Bottles only.—The caps of all bottles contain- 
ing Grade ‘A’ milk or cream (pasteurized) shall be white with 
the grade and designation ‘Grade A (pasteurized),’ the name and 
address of the dealer, the date and hours between which pas- 
teurization was completed, and the place where pasteurization 
was performed, clearly, legibly, and conspicuously displayed on 
the outer side thereof. No other word, statement, design, mark, 
or device shall appear on that part of the outer cap containing 
the grade and designation, unless authorized and permitted by 
the Department of Health. A proof print or sketch of such cap, 
showing the size and arrangement of the lettering thereon, shall 
be submitted to and approved by the said Department before 
being attachd to the bottles containing milk of the said grade and 
designation. No other words, statement, design or device shall 
appear upon the outer cap unless approved by the Department of 
Health. The size and arrangement of lettering on such cap must 
be approved by the Department of Health. 

‘Regulation 125. Pasteurization—Only such milk or cream 
shall be regarded as pasteurized as has been subjected to a tem- 
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perature of from 142 to 145 degrees F. for not less than thirty 
minutes. 


‘‘ Additional Regulations Governing the Sale of Grade ‘B’ Milk 
or Cream (Pasteurized). Definition—Grade ‘B’ milk or cream 
(pasteurized) is milk or cream produced and handled in accord- 
ance with the minimum requirements of the Regulations herein 
set forth and which has been pasteurized in accordance with the 
Regulations of the Department of Health for pasteurization. 


‘‘Regulation 128. Physical examination of cows.—All cows 
producing milk or cream of this designation must be healthy as 
determined by a physical examination made and approved by a 
duly licensed veterinarian. 


‘‘Regulation 129. Bacterial contents—No milk under this 
designation shall contain more than 100,000 bacteria per ec. ¢. and 
no cream shall contain more than 500,000 bacteria per c. c. when 
delivered to the consumer, or at any time after pasteurization 
and prior to such delivery. No milk supply averaging more than 
1,500,000 bacteria per ec. ec. shall be pasteurized in this city under 
this designation. No milk supply averaging more than 300,000 
bacteria per ec. c. shall be pasteurized outside the City of New 
York to be sold in said city under this designation. 

‘“Regulation 130. Scoring of dairies—Dairies producing milk 
or cream of this designation shall score at least 20 points on 
equipment and 35 points on methods, or a total score of 55 points 
on an official score card approved by the Department of Health. 

‘Regulation 131. Time of delivery—Milk of this designation 
shall be delivered within 36 hours. Cream shall be delivered with- 
in seventy-two (72) hours after pasteurization. Cream intended 
for manufacturing purposes may be stored in cold storage and 
held thereat in bulk at a temperature not higher than 32 degrees 
F. for a period conforming with the laws of the state of New 
York. Such cream shall be delivered in containers, other than 
bottles, within twenty-four (24) hours after removal from cold 
storage and shall be used only in the manufacture of products in 
which cooking is required. 


‘Regulation 132. Bottling —Milk of this designation may be 
delivered in cans or bottles. : 
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‘““Regulation 133—Labeling.—The caps of all bottles contain- 
ing Grade ‘B’ milk (pasteurized) and the tags attached to all cans 
containing Grade ‘B’ milk or cream (pasteurized) shall be white 
with the grade and designation ‘Grade B(pasteurized),’ the name 
and address of the dealer, and the date when and place where 
pasteurization was performed, clearly, legibly, and conspicuously 
displayed on the outer side thereof. The caps of all bottles con- 
taining Grade ~B’ cream (pasteurized) shall be white with the 
grade and designation ‘Grade B Cream (pasteurized),’ the name 
and address of the dealer, and the date when and the place where 
bottled, clearly, legibly, and conspicuously displayed on the outer 
side thereof. No other word, statement, design, mark, or device 
shall appear on that part of the outer cap or tag containing the 
grade and designation unless authorized and permitted by the 
Department of Health. A proof print or sketch of such cap or 
tag, showing the size and arrangement of the lettering thereon 
shall be submitted to and approved by the said Department before 
being attached to any receptacle containing milk or cream of the 
said grade and designation. 


‘‘Reeulation 134. Pasteurization—Only such milk or cream 
shall be regarded as pasteurized as has been subjected to a tem- 
perature of from 142 to 145 degrees F. for not less than thirty 
minutes. 


‘‘Additional Regulations Governing the Sale of Grade ‘C’ 
Milk or Cream (Pasteurized) (for Cooking and Manufacturing 
Purposes Only). Definition—Grade ‘C’ milk or cream is milk or 
cream not conforming to the requirements of any of the sub- 
divisions of Grade ‘A’ or Grade ‘B’ and which has been pas- 
teurized according to the Regulations of the Board of Health or 
boiled for at least two minutes. 

‘‘Regulation 136. Physical examination of cows.—All cows 
producing milk or cream of this designation must be healthy as 
determined by a physical examination made by a duly licensed 
veterinarian. 

‘‘Regulation 137. Bacterial content.—No milk of this designa- 
tion shall contain more than 300,000 bacteria per ec. c. and no 
cream of this grade shall contain more than 1,500,000 bacteria per 
ce. c. after pasteurization. 
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‘Regulation 138. Scoring of dairies—Dairies producing 
milk or cream of this designation must score at least 40 points on 
an official seore card approved by the Department of Health. 


‘Regulation 139. Time of delivery—Milk or cream of this 
designation shall be delivered within 48 hours after pasteuriza- 
tion. 


‘Regulation 140. Bottling—Milk or cream of this desig- 
nation shall be delivered in cans only. 


‘‘Regulation 141. Labeling.—The tags attached to all cans con- 
taining Grade ‘C’ milk (for cooking) shall be white with the 
grade and designation ‘Grade C Milk (for cooking),’ the name 
and address of the dealer, and the date when and place where 
pasteurization was performed, clearly, legibly, and conspicuously 
displayed thereon. No other word, statement, design, mark, or 
device shall appear on that part of the tag containing the grade 
and designation, unless authorized and permitted by the Depart- 
ment of Health. A proof print or sketch of such tag, showing 
the size and arrangement of the lettering thereon shall be sub- 
mitted to and approved by the said Department before being at- 
tached to the cans containing milk of the said grade and designa- 
tion. The cans shall have properly sealed metal covers painted 
red. 


‘Regulation 142. Pasteurization—Only such milk or cream 
shall be regarded as pasteurized as has been subjected to a tem- 
perature of 145 degrees, for not less than thirty minutes. 


‘Additional Regulations Governing the Sale of Condensed 
Skim-Milk. Definition—Condensed skimmed milk is condensed 
milk in which the butter-fat is less than twenty-five (25) per 
cent of the total milk solids. 


‘Regulation 145. Cans to be painted blue—The cans contain- 
ing condensed skimmed milk shall be colored a bright blue and 
shall bear the words ‘‘Condensed Skimmed Milk”’ in block letters 
at least two inches high and two inches wide, with a space of at 
least one-half inch between any two letters. The milk shall be 
delivered to the person to whom sold, in can or cans, as required 
in this regulation, excepting when sold in hermetically sealed 
cans. ‘ 
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‘Additional Regulations Governing the Labeling of Milk or 
Cream Brought Into, Delivered, Offered for Sale, and Sold in New 
York City. Regulation 146. Labeling of milk or cream.—Each 
container or receptacle used for bringing milk or cream into or 
delivering it in the City of New York shall bear a tag or label 
stating, if shipped from a creamery or dairy, the location of the 
said creamery or dairy, the date of shipment, the name of the 
dealer, and the grade of the product contained therein, except as 
elsewhere provided for delivery of cream in bottles. 


“‘Regulation 147. Labeling of milk or cream to be pasteur- 
ized.—All milk or cream brought into the City of New York to 
be pasteurized shall have a tag affixed to each and every can or 
other receptacle indicating the place of shipment, date of ship- 
ment, and the words ‘to be pasteurized at (stating location of 
pasteurizing plants).’ 


‘Regulation 148. Mislabeling of milk or cream.—Milk or cream 
of one grade or designation shall not be held, kept, offered for 
sale, sold, or labeled as milk or cream of a higher grade or desig- 
nation. 


‘‘Regulation 149. Word, statement, design, mark or device 
on label——No word, statement, design, mark, or device regarding 
the milk or cream shall appear on any cap or tag attached to any 
bottle, can, or other receptacles containing milk or cream which 
words, statement, design, mark, or device is false or misleading 
in any particular. 


‘‘Regulation 150. Tags to be saved.—As soon as the contents 
of such container or receptacle are sold, or before the said con- 
tainer is returned or otherwise disposed of, or leaves the pos- 
session of the dealer, the tag thereon shall be removed and kept 
on file in the store, where such milk or cream has been sold, for a 
period of two months thereafter, for inspection by the Depart- 
ment of Health. 


‘‘Regulation 151. Record of milk or cream delivered.—Every 
wholesale dealer in the city of New York shall keep a record in his 
main office in the said city, which shall show from which place 
or places milk or cream, delivered by him daily to retail stores in 
the city of New York, has been received and to whom delivered, 
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and the said record shall be kept for a period of two months, for 
inspection by the Department of Health, and shall be readily ac- 
cessible to the inspectors of the said Department at all times.”’ 
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CHAPTER XXII 


MISCELLANEOUS INFORMATION REGARDING 
DAIRY PRODUCTS 


Flow Sheets of Various Dairy Products.—Figs. 176 to 191 indi- 
cate the various steps commonly taken in the handling of all the 
common dairy products, under the American methods of manu- 
facture now in general use. They represent the line or the lines 
of flow of the several products while going through the plant, 
and make it possible readily to visualize the various operations 
involved. 
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TEMPERATURES FOR HOLDING, MANUFACTURING AND 


STORING DAIRY PRODUCTS. 


In the handling of dairy products, there is probably no one 
single factor that influences the quality and the commercial 
value of the product, so much as temperature. Table 173 lists the 
temperatures that in good practice give the best results under the 


various conditions named. 


TABLE 178. 


Temperatures for Holding, Manufacturing and Storing Dairy Products. 


Name of Product. 


Temp. ° F. 
recommended 


Fluid milk and skim-milk to be held under 12 hours after 
milkDig,; NObs pasteurized (2. 4)5 jc ears vs oe eee 
Fluid milk and skim-milk to be held under 24 hours after 
mulking enol me pastel) Zed men a re ate ne ae Dna 
Fluid milk and skim-milk to be held under 48 hours after 
sabUl hikes NOW. [ISU oo ane ono auch eumens ae” 
Fluid milk or skim-milk, pasteurized, to be held 24 hours or 
NOS! Sisters ie ont n as Magen antes Mea aOR mee ts Re aN fs 
Fluid milk or skim-milk, pasteurized, to be held up to 
© Gaya oa iscusetanraee Se Senta Me Lee cE EELS Puri 
Fluid milk heated to pasteurizing temperatures and held 
Withour cooling upNtONOeDOULLS war neN yt ier ice eines 
Cream not pasteurized, to be held 24 hours or less,....... 
Fluid milk and cream pasteurizing temperatures......... 
Cream pasteurized, to be held up to 10 days.............. 
Cream pasteurized, to be frozen and held up to 3 months, . 
Whey not pasteurized, to be held 6 hours or less.......... 
Cultured buttermilk, pasteurizing temperature before 
INOCUIATIO SAO reer Aenea, Airois elt Aone Sha MT ed 
Cultured buttermilk, lactic type, inoculating temperature, 
Cultured buttermilk lactic type, incubating temperature,. 
Cultured buttermilk, Bulgaricus type, inoculating tempera- 
DUNG 27 teas a eeonites net tag notin aie Coney ata Sane reMCT ent ae 
Cultured buttermilk, Bulgaricus type, incubating tempera- 
CULE Wise eta Cokie atone dato M eins 0 is se sot a A tein 
Cultured buttermilk, either type, holding temperature,... 
Buttermilk cultures, either lactic or Bulgaricus type. Hold- 
HLS CCI Cla CUNG mean Merete, 2% Clcns/ede eeeieie cl emo ocatevdotunal stecerars 
Ice cream mix to be held for 24 to 96 hours.............. 
Teelcreanmnardenimorrand nolan ae cis slaeiad ole eller sc 
Evaporated milk hot well temperatures................. 
Evaporated milk, temperature in vacuum pan............ 
Evaporated milk before processing. When canned imme- 
diatelymattergcond ensine is ory. siettereiars eat cleesa lst 3 « 
Evaporated milk before Brocessiug.: When canned 24 
HOlins waiter CONMSN SING wera: tila ye ole cieirece sitio oslo): 
Evaporated milk before processing. When canned 48 hours 
GELOTLCONQOUBING ee coher ayia ealecria sity SiatscargaG Naw oaich se 09 


50 or below 


142 


140 


170 


40 


34 


98 


98 

to 50 
water 
35 

to 40 
to 5 
to 212 
to 140 


60 
42 


40 
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TABLE 173 (Continued). 


Evaporated milk after processing. When held before pack- 

ingatodevelopelea Cheenti iter reees rate tetees ees eet ae 68 
Evaporated milk after processing. If consumed within two Ordinary 

MOMMA EHUKIE WE TUEKOIE.. An ooononnodooncopdsoot boo temperature 
Evaporated milk after processing. When held in storage 

FOV ONEKYVCRTOLVlOSS erp tlocs crue aie Wetorale tinea he ones 35 to 40 
Sweetened condensed milk, hot well temperatures,........ 160 to 212 
Sweetened condensed milk, pan temperatures............. 125 to 140 
Sweetened condensed milk. Temperature at which to bar- 

well OF "CAN tacts esits cecal nascent s oe te ares: About 74 
Sweetened condensed milk. When held for early consump- Ordinary 

CLOT ye et eet er a eee a oat e ter Si eneeN Ear temperature 
Sweetened condensed milk. When held in storage for one 

BAT OVO IONS ees in Clara e-siapace ee eeenas g aaateae ol oie a atte ealens 35 to 40 
Bulk unsweetened condensed milk. For consumption inside 

of Fone, Week fo iin atccure Shen oe seer she Oe Oeknatans 40 
Butter churning temperatures, Summer.................. 48 to 53 
Average about 56° F, Win Cerin ne ee ae ae 52 to 60 


Where cotton seed meal is fed and under certain feed and 
breed conditions higher churning temperatures may be 


used. 
Buttersin coldys tora sea aere eenrT ee ernie ae all 
Cheese, best temperature for action of rennet in making 

cheddar cheese sioir.dis.10a alacaies eee Sh ov ag eh avesiogions 86 to 88 
Cheese, high curing temperature, cheddar cheese......... 60 to 68 
Cheese, low curing temperature, cheddar cheese,.......... 45 to 50 
Cheese) in zstorase tyra recente hereten teers ore Mare ety a eee 35 
Temperature at which milk powder can be heated during 

manufacture without impairing flavor................. 140 
Milkspowderpamastoracetye pane tyes any eee Nene 35 to 40 


THE ACTION OF MILK UPON METALS, AND CERTAIN PROPER- 
TIES OF METALS AND ALLOYS. 


The action of milk upon various metals as well as upon other 
products used in its handling is of importance in several respects. 
The principal factors of interest are the influence of the metals 
upon the flavor of the milk or products derived from it; life and 
cost of the equipment made from various metals; properties that 
affect the appearance of the equipment; the ease or the difficulty 
with which the various metals are kept in a clean, and sanitary 
condition, and heat transmitting qualities of the various metals. 

Relatively little published data is available upon the above 
subjects. Erf* made a considerable study of the influence of 
various metals upon the flavor of milk. ‘‘A solution of dilute 
lactic acid mixed with citric acid charged slightly with carbon 
dioxide was first used, as it was very difficult to obtain any re- 
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action from the small quantities of metal actually dissolved. Then 
we continued to dilute this with milk, and noted the effect upon 
the flavor.”’ 


HE a HH i 4 co : Ter ae 
Fig. 192. Parts Per Million of Metallic Lactates required to Impart a 
Definite Taste to Water. Based Upon Donauer’s Results. 


The order of solubilities of the various metals was as follows: 
wrought iron, cast iron, steel, brass, lead, copper and tin. ‘‘As 
nearly as we could calculate about one millionth part of copper 
would give a decided flavor to the milk. The amount of flavor 
given by the tin was very small.’’ Careful tests were made in the 
Research Laboratories of Mojonnier Bros. Co.? and the results 
obtained will be given in this chapter. 
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The best work reported upon the subject is by Donauer of the 
Research Laboratories of the Elyria Enamelled Products Co.* 


Fig. 192 shows the amount in parts per million in water of 
the various metallic lactates which according to Donauer are 
required to impart a definite taste to water. No exact data is 
yet available to indicate the amount of metallic lactates that are 
required to impart a metallic flavor to milk, or to products de- 
rived from milk. It is well known that many or probably all of 
the metallic salts combine readily with the casein in milk, forming 
insoluble compounds whose properties and reactions are not 
well understood. It is not established if there is any chemical 
reaction between metallic salts and butter fat or other con- 
stituents of the milk besides the casein. The evidence at the 
present time is that a different result should be obtained when the 
metallic lactates are added to milk, as against when added in 
equal amounts to water. On account of the compounds formed by 
metallic salts in milk, probably a larger quantity would be re- 
quired to impart a metallic flavor to milk than to water. 


The solubility of metals in milk is influenced by the tempera- 
tures used; by the time of contact of the metal with the milk, 
and by the acid content of the milk. The results reported by 
Donauer in the case of whole milk are given under Table 174 for 
temperatures at 64 and 149° F. : 


TABLE 174. 


Influence of Temperature Upon the Solubility of Metals in Milk Based Upon 
Donauer’s Results. Whole Milk Testing .26 Per Cent Lactic Acid. 


Loss in weight in mg. per sq. em. per 24 hours 


Temperature of Alum- White ; 
Experiment inum Alum- Metal Brass | Bronze | Copper | German | Monel 
Bronze | ‘um Alloy Silver Metal 
Sit oCe 
64 18 015 | 0195 |  .01 .095 | .09 .07 05 | .045 
149 65 250 OU 08 06 .055 04 08 .07 


Loss in weight in mg. per sq. em. per 24 hours 


Temperature of Nickel Steel Steel 
Experiment Nickel | Ircn Tin Tron Alloy Alloy Zine 
Sy Alloy No.1 | No.2 
op. °C. ei i 
64 18 095 -O11 0125 041 015 .014 .0575 
149 65 09 15 15 ial 84 1029 2.18 
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The results in Table 174 show that in the case of whole milk 
testing .26 per cent lactic acid more of the metals pass into solu- 
tion at pasteurizing temperatures than at room temperature. 
Liedel obtained similar results in the case of copper in fresh whole 
milk testing .18 per cent acid as follows :— 

At 65°F. for 24 hours, .024 mg. dissolved per sq. em. 
At 140° F. for 7 hours, .071 mg. dissolved per sq. em. 


WHOLE MILK TESTING .20 PER CENT EE 
TITRATABLE ACIDITY. 

WHOLE MILK TESTING .26 PER CENT 
BS) TITRATABLE ACIDITY----~-—----- 


Fig. 193. ‘The Influence of the Acid Content of Milk Upon the Solubility of 
Metals. Based Upon Donauer’s Results. 


At 140° F., Liedel? obtained a solubility of .020 mg. per sq. 
em., at the end of one hour, and .071 mg. per sq. em., at the end 
of seven hours in the case of whole milk... The rate of solution 
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is probably much larger during the first hour of contact than 
during succeeding periods. This may be due to the formation of 
a film or coating of milk solids over the metals, or to the presence 
of a more readily soluble coating of an oxide of the metal upon 
its surface before placing the metal in the milk. 


The influence of the acidity of the milk upon the solubility of 
the metals is shown in Fig. 193 which is based upon Donauer’s 
results. 


The results obtained show a slight difference in the action, 
being in the majority of cases slightly higher in the case of sour 
milk, 


Relation of Metallic Taste to Quantity of Metal Dissolved.— 
A careful comparison is presented herewith of the relation 
between the amounts of metallic lactates reported by Donauer as 
being required to impart a metallic taste to water, and the 
quantity of metals that were found to pass into solution in fresh 
whole milk. It is assumed that the rate of solution during the 
first hour is equal to 25 per cent of the total amount that passed 
into solution in 24 hours. The method of calculation used by 
Donauer* throughout the comparisons, is given as follows: ‘‘Cal- 
culations concerning the pasteurizer were based on an average 
standard 500 gallon vat with rotating coil, the heating surface 
being approximately 20 sq. in. per gallon.”’ * 


In the methods in general use the world over for handling 
milk and its products it is seldom that the heat treatment exceeds 
one hour at 140° F. The values given in Table 175 are therefore 
conservative, and in practice the quantities of metal dissolved, 
are probably less than those given, under the conditions named. 
Copper, tin, brass and German silver were found to dissolve in 
smaller quantities than are necessary to impart a metallic flavor. 
Iron and aluminum dissolved in excess of the amount required to 
impart a metallic flavor. 


The above named results are confirmed by practical experience 
covering many years and in various branches of the dairy in- 
dustry. Equipment, used in the manufacture of dairy products, 
made either of pure copper or of tinned copper is known to have 
given many years of daily service without shawing appreciable 
wear, other than the mechanical wear caused by daily cleaning. 
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Hess® reports one experiment in which milk was pasteurized 
for 30 minutes at 145° F. in a copper vessel, and upon feeding this 
milk to guinea pigs the animals developed scurvy. A portion of 
the same lot of milk pasteurized in a glass vessel and fed to 
guinea pigs did not produce scurvy. Contrary to this result may 
he cited the case of condensed buttermilk which has assumed 
comparatively large commercial proportions. This product is 
manufactured entirely in copper vacuum pans, and its content 
of lactic acid would produce maximum action upon the copper of 
any of the common dairy product, yet it is recognized as being 
able to stimulate growth in poultry and hogs to a remarkable 
degree. No experiments are known to have been made regarding 
its content of antiscorbutie vitamine. 

The life and the relative cost of the various metals, other con- 
siderations being equal, is a deciding factor in the selection of 
the proper metals. Products made of copper have the advantage 
of retaining a considerable part of their original cost in junk 
form. Equipment products in certain sizes or shapes can be pro- 
duced most economically if made in pure copper or in tinned 
copper. Again, in other cases, nearly every advantage is in favor 
of glass enamelled equipment, which has numerous characteristic 
advantages. Aluminum has so far found but secant use in the 
dairy industry, but it has certain properties that may entitle it 
to definite use. It is already being used in France for making 
milk cans and milk bottles. For making containers for milk 
products that are to be handled cold, it may come into further 
use. For handling hot milk products, it meets with the objection 
of its comparative solubility at high temperatures. No exact 
data is available regarding the influence of vacuum upon the 
solubility of metals in milk. Likewise the influences of agitation, 
composition and concentration of the milk products. 


The Action of Condensed and Evaporated Milk Upon Tin and 
Tron.—The action of various foods including condensed and 
evaporated milks upon the solubility of tin and iron in tin cans 
was made the subject of a very comprehensive study under the 
general direction of the research committee of the National Can- 
ners Association.’ 

In the case of condensed milk they found ‘‘that the amount of 
tin and iron increased slightly during storage, but the increase 
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had little significance, as the total amounts were very small. The 
tin varied from five to 22 milligrams, and the iron from two to 
10 milligrams per kilograms of product.’’ 


In the case of evaporated milk, ‘‘the average tin content 
varied from 60 to 106 milligrams per kilogram of milk, which 
was considerably higher than with condensed milk. There was 
a slight but definite increase in tin and iron with storage. Differ- 
ences in coating had no effect upon the solution of tin and iron.’’ 


THE HEAT TRANSMISSION OF METALS AND ALLOYS. 


The ease with which heat can be transmitted through various 
metals is a factor of great practical and commercial importance, 
in aiming at the proper choice. This is the factor that influences 
most of all the time element in the handling of dairy products. 
Table 176 gives the conductivity of the more common metals and 
alloys. 


TABLE 176. 
Conductivity for Heat of Certain Metals, Alloys and Glass. 


| 1 Pent. \Gonduetigity Temp." _|Conduetivity 
iis oa ee Ge \oomoen 
K K 
Alumiunm....... 18 64 .480 Nickel o55..c05 = 18 64 .142 
Aluminum...... 100 212 .492 Nickels seater a OO) 212 .138 
Brand eae Weare een 260 || Platinum....... 1s | 64 166 
Brass, yellow...... 0 32 . 204 Platintindse snes 100 212 2148} 
Brass; red. .c.c ce 0 32 . 246 SiIVERs sree tents 18 64 1.006 
Coppers. scenes 18 64 .918 Silverercagu oss 100 212 .992 
Copperaicanst ce 100 212 . 908 {PTY cae tae, ce 0 32 oh G5} 
German Silver.... 0 32 .070 APU ceases fe coe 100 212 .145 
Gold iain ee 17) 663 Wap 4 Wine, i Cee 04 265 
Tron; puree eases 18 64 .161 TAG aera ks aise 100 212 . 262 
Pron, urease eres “100 212 mlb Gilasayeys eer E Hae 0 32 . 0028 
Tron, steel cc... 4c. 18 64 .108 ies 
Tron, stéels c/a. 35 100 212 .107 
Tred di. terion ct 18 64 .083 
DGad Snauheene seca 100 212 .081 | 
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The coefficient K is the quantity of heat in small calories which 
is transmitted per second through a plate one centimeter thick 
per square centimeter of its surface, when the difference of 
temperature between the two faces of the plate is one degree 
centigrade.® 


The figures in Table 176 show that next to silver, copper is 
the best conductor of heat known, and it is one of the best 
reasons for the strong position of copper in the dairy industry. 


The knowledge of the relation of milk and its products to 
various metals is incomplete in many particulars, and exact data 
is relatively scarce. Much remains to be learned upon these 
subjects. 
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APPENDIX 


TABLE 177. 


Degiees Twaddell with Corresponding Specific Gravity, 


Temp. 


60° F. 


60° 


F. 


(3) 


Formula: Degrees Twaddell=(200Sp. Gr.)—200 
: : Degrees 2 
Formula: Specific Gravity— 8 Twaddell-|200 
200 
Degrees Specific Degrees Specific Degrees Specific Degrees Specific De Specific 
Twaddle} Gravity Twaddle Gravity Twaddle Gravity Twaddle Gravit y Twaddle Gravity 
60° F 60°/60° F. 60° F 60°/60° F 60° F 60°/60° F 60° F 60°/60° F 60° F 60°/60° F 
0 1.000 40 1.200 80 ¥.400 120 1,600 160 1.800 
1 1.005 41 1.205 81 1.405 121 1.605 161 1,805 
z 1.010 42 1.210 82 1.410 122 1.610 162 1.810 
3 1.015 43 1.215 83 1.415 123 1.615 163 1.815 
4 1.020 44 1.220 84 1.420 124 1.620 164 1.820 
5 1.025 45 1.225 85 1.425 125 1,625 165 1.825 
6 1.030 46 1230 86 1.430 126 1.630 166 1.830 
if 1.035 AT 1.235 87 1.435 127 1.635 167 1.835 
8 1.040 48 1.240 88 1.440 128 1.640 168 1.840 
9 1.045 49 1.245 89 1.445 129 1.645 169 1.845 
10 1.050 50 1.250 90 1.450 130 1.650 170 1.850 
11 1.055 51 1,255 91 1.455 131 1.655 171 1,855 
1g 1.060 52 1,260 92 1.460 132 1.660 172 1.860 
13 1.065 53 1.265 93 1.465 133 1.665 173 1.865 
14 1.070 54 1.270 94 1.470 134 1.670 174 1.870 
15 1.075 55 1.275 95 1.475 135 1.675 175 1.875 
16 1.080 56 1.280 96 1.480 136 1.680 176 1.880 
17 1.085 57 1.285 97 1.485 137 1.685 177 1.885 
18 1.090 58 1.290 98 1.490 138 1.690 178 1.890 
19 1.095 59 1,295 99 1.495 139 1.695 179 1.895 
20 1.100 60 1.300 100 1.500 140 1.700 180 1.900 
21 1.105 61 1.305 101 1.505 141 1.705 
22 1.110 62 1.310 102 1.510 142 1.710 
23 1.115 63 1.315 103 1.515 143 1.715 
24 1.120 64 1.320 104 1.520 144 1.720 
25 1.125 65 1.825 105 1.525 145 1.725 
26 1.130 66 1.330 106 1.530 146 1.730 
27 1.135 67 1.835 107 1.535 147 1.735 
28 1.140 68 1.340 108 1.640 148 1.740 
29 1.145 69 1.345 109 1.545 149 1.745 
30 1.150 70 1.850 110 1.550 150 1.750 
31 1.155 71 1.855 111 1.555 151 1.755 
32 1.160 12 1.360 112 1.560 152 1.760 
33 1.165 73 1.365 113 4 1.565 153 1.765 
34 1.170 14 1.370 114 1.570 154 1.770 
35 1.175 , 75 1.875 115 1.575 156 1.775 
36 1.180 16 1.880 116 1.580 156 1.780 
87 1.185 17 1.385 117 1.585 157 1.785 
38 1.190 78 1.390 118 1.590 158 1.790 
39 1.195 79 1.395 119 1.595 159 1.795 
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TABLE 179. 


corresponding to Degrees Baume for liquids lighter 


140 


130+ Baume® 


than water. 


and Baume° — ( 


Degrees 


Baume 


10 
11 
12 


_ 


0 


.0000 
. 9929 
9859 
AED) 
9722 
.9655 
9589 
9524 
9459 
.9396 
.9333 
.9272 
9210} ¢ 
9150 
9091 
.9032 
8374 
Oli 
.8861 
8805 
8750] . 
.8696 
8642 
8589 
8537 
8485 
8434 
8383 
8333 
8284 
8235 
8187 
.8139 
.8092 
8046 
8000 
7955 
.7910 
. 7866 
7821 
7778 


140 
Sp. Gr. 60° F. 
60° F. 


) —130 


TENTHS OF DEGREES 


2 


.9986 
9915 
9845 
.9776 
.9709 
9642 
.9576 
9511 
9447 
9383 
.9321 
.9259 
BOOS 
.9138 
.9079 
.9021 
.8963 
.8906 
8850 
8794 
8739 
8685 
8631 
8578 
8526 
8474 
8423 
8373 
.8323 
8274 
8225 
8177 
.8130 
.8083 
.8037 
OO 
7945 
.7901 
7856 
7812 
. 7769 


3 


.9979 
9908 
9838 
.9770 
9702 
.9635 
9569 
9504 
9440 
.9377 
.9315 
9253 
.9192 
.9132 
9073 
9015 
.8957 
.8900 
8845 
8788 
8734 
8679 
8626 
8573 
8521 
8469 
.8418 
8368 
.8318 
.8269 
8220 
8173 
8125 
.8078 
8032 
. 7986 
7940 
7897 
7852 
. 7808 
7765 


4 


MoOuL 
.9901 
9831 
.9763 
.9695 
.9629 
9563 
9497 
9434 
.9371 
.9309 
9247 
9186 
9126 
. 9067 
9009 
.8951 
8895 
8839 
.8782 
8728 
8674 
8621 
.8568 
.8516 
8464 
8413 
.8363 
.8313 
8264 
8215 
.8168 
.8121 
8074 
8027 
.7981 
7936 
7892 
7848 
7804 
. 7760 


5 


.9964 
9894 
-9824 
9756 
.9688 
.9622 
9556 
9491 
9428 
.9365 
.9302 
9241 
.9180 
.9120 
.9061 
.9003 
8946 
.8889 
8833 
8777 
8722 
8669 
.8615 
8562 
8511 
8459 
.8408 
8358 
8309 
8259 
8211 
.8163 
.8116 
8069 
8022 
7978 
7932 
. 7887 
7844 
1799 
7756 


6 
.9957 
9887 
.9818 


9749] . 


.9682 
.9615 
9550 
9485 
9421 
.9358 
. 9296 
9235 
9174 
9114 
.9056 
8997 
.8940 
.8883 
.8827 
98772 
8717 
.8663 
.8610 
8557 
8505 
8454 
.8403 
8353 
.8304 
8254 
.8206 
.8158 
8111 
.8064 
.8018 
7973 


7928) . 


7883 
7839 
7795 
7752 
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TABLE. 179—Continued. 
Specific Gravity 60° F. 


Degrees 


Baume 


51 
52 
53 
54 
55 


80 


(420) 4722) .7718) . 7714 
.7684| .7680) .7675| .7671 
.7642| .7637| .7633} .7629 
.7601) .7597| .7593) .7588 
.7559| .7555) .7551] .7547 
.7519] .7515) .7511) .7507 
.7479| .7475| .7471| .7467 
.7439| .7435) .7431] .7427 
.7399| .7396| .7392) .7388 
.7361| .7357| .7353} .7349 
.7322| .7318} .7314) .7311 
.7284| .7280] .7276) .7273 
.7246) .7243] .7239) .7235 
.7209| .7205| .7202) .7198 
.7172) .7169) .7165| .7161 
.7136} .7132] .7128) .7125 
.7099| .7095| .7092| .7088 
.7064| .7060} .7057| .7058 
7028] .7025) .7021) .7017 
.6993| .6989} .6986] .6982 
.6958} .6955} .6951) .6948 
.6924| .6920} .6917| .6913 
.6889] .6886] .6882] .6879 
.6856] .6853) .6850) .6846 
6823] .6819} .6816) .6813 
.6789] .6786] .6782] .6779 
.6757| .6753} .6750| .6746 
.6724| .6721| .6717| .6714 
.6692] .6689) .6686] .6683 
.6660] .6657| .6654} .6651 
.6629} .6626} .6623] .6619 
.6598| .6595| .6591) .6588 
.6567/ .6563} .6560| .6557 
.6536] .6533] .6530) 6527 
6506] .6503} 6500) .6496 
.6475| .6472| .6469) .6466 
6446] .6443) .6440} .6437 
6416) .6413} .6410} .6407 
.6387| .6384] .6381| 6378 
6358] 6355] 6252] .6349 


893 


TENTHS OF DEGREES 


2 3 4 5 


6 


.7709 
7667 
7625 
7584 
7543 
7503 
7463 
7423 
7384 
7345 
7307 
7269 
.7231 
7194 
.7158 
7121 
.7084 
.7049 
7014 
6979 
6944 
6910 
6876 
6843 
.6809 
.6776 
6743 
6711 
6679 
6648 
6616) 
6585 
6554 
6524 
6493 
6463 
6434 
6404 
6373 


6346 


7696 
7654 
7613 


7531 
7492 
7451 
7411 
1372 
7334 
7295 
1258 
7220 
7182 
7147 
.7110 
7074 
7039 
. 7003 
6969 
6934 
6900 
6866 
6833 
.6799 
.6766 
6734 
6702 
6670 
6638 
6607 
.6576 
6545 


6515 


8484 
6454 
.6425 
6396 
6367 
6338 
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Specific Gravity at 


60° F. 


60° F 
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TABLE 180. 
corresponding to degrees Baume for liquids 


heavier than water. 


145 
145 } aan AAG Ee 
Sp. Gr. 60° FE. ——————————- Baume degrees—145— (s Gi. c0-F. 
145—Deg. Baume 60° F. 
SPECIFIC GRAVITY 60° F. 
TENTHS OF DEGREES 
Degrees io A : 4 5 _ 7 8 9 
Baume 
0 1.0000} 1.0007| 1.0014] 1.0021] 1.0028] 1.0035] 1.0042] 1.0049] 1.0055] 1.0062 
1 1.0069] 1.0076] 1.0083] 1.0090} 1.0097] 1.0105] 1.0112] 1.0119] 1.0126] 1.0133 
2 1.0140| 1.0147| 1.0154] 1.0161] 1.0168] 1.0175] 1.0183] 1.0190] 1.0197] 1.0204 
3 1.0211| 1.0218] 1.0226] 1.0233] 1.0240] 1.0247] 1.0255] 1.0262] 1.0269] 1.0276 
4 1.0284] 1.0291] 1.0298] 1.0306] 1.0313] 1.0320] 1.0328] 1.0335] 1.0342] 1.0350 
5 | 1.0357] 1.0365] 1.0372] 1.0379] 1.0387] 1.0394] 1.0402] 1.0409] 1.0417] 1.0424 
6 1.0432| 1.0439] 1.0447| 1.0454] 1.0462] 1.0469] 1.0477) 1.0484] 1.0492] 1.0500 
7 1.0507| 1.0515] 1.0522] 1.0530] 1.0538] 1.0545] 1.0553] 1.0561] 1.0569] 1.0576 
8 1.0584] 1.0592] 1.0599] 1.0607| 1.0615] 1.0623] 1.0630] 1.0638] 1.0646] 1.0654 
9 1.0662| 1.0670] 1.0677| 1.0685] 1.0693] 1.0701] 1.0709] 1.0717] 1.0725] 1.0733 
10 1.0741| 1.0749| 1.0757| 1.0765] 1.0773] 1.0781| 1.0789] 1.0797] 1.0805] 1.0813 
11 1.0821] 1.0829] 1.0837] 1.0845] 1.0853] 1.0861] 1.0870] 1.0878] 1.0886] 1.0894 
12 1.0902} 1.0910] 1.0919] 1.0927] 1.0935] 1.0943] 1.0952] 1.0960] 1.0968] 1.0977 
13. | 1.0985] 1.0993] 1.1002] 1.1010] 1.1018] 1.1027] 1.1035] 1.1043] 1.1052] 1.1060 
14 1.1069] 1.1077] 1.1086] 1.1094] 1.1103] 1.1111] 1.1120] 1.1128] 1.1137] 1.1145 
15 1.1154] 1.1162] 1.1171] 1.1180] 1.1188] 1.1197] 1.1206] 1.1214] 1.1223] 1.1232 
16 1.1240] 1.1249] 1.1258] 1.1267] 1.1275] 1.1284] 1.1293] 1.1302] 1.1310] 1.1319 
17 1.1328] 1.1337] 1.1346] 1.1355] 1.1364] 1.1373] 1°1381| 1.1390] 1.1399] 1.1408 
18 1.1417] 1.1426] 1.1435] 1.1444] 1.1453] 1.1462] 1.1472] 1.1481] 1.1490] 1.1499 
19 1.1508] 1.1517] 1.1526] 1.1535] 1.1545] 1.1554| 1.1563| 1.1572] 1.1581| 1.1591 
20 1.1600] 1.1609] 1.1619] 1.1628] 1.1637] 1.1647] 1.1656] 1.1665] 1.1675] 1.1684 
21 1.1694] 1.1703] 1.1712] 1.1722] 1.1731] 1.1741] 1.1750] 1.1760| 1.1769] 1.1779 
22 1.1789] 1.1798] 1.1808] 1.1817] 1.1827] 1.1837| 1.1846] 1.1856] 1.1866] 1.1876 
3 1.1885] 1.1895] 1.1905] 1.1915] 1.1924] 1.1934] 1.1944] 1.1954] 1.1964| 1.1974 
24 1.1983] 1.1993] 1.2003] 1.2013] 1.2023] 1.2033] 1.2043] 1.2053] 1.2063] 1.2073 
25 1.2083] 1.2093] 1.2104] 1.2114] 1.2124] 1.2134] 1.2144] 1.2154] 1.2164] 1.2175 
26 | 1.2185] 1.2195] 1.2205] 1.2216 1.2226] 1-2236| 1.2247) 1.2257| 1.2267| 1.2278 
27 1.2288] 1.2299] 1.2309] 1.2319] 1.2330] 1.2340] 1.2351] 1.2361| 1.2372| 1.2383 
28 1.2393] 1.2404] 1.2414] 1.2425] 1,2436] 1.2446] 1.2457] 1.2468] 1.2478] 1.2489 
29 1.2500] 1.2511] 1.2522] 1.2532] 1.2543] 1.2554! 1.2565] 1.2576| 1.2587| 1.2598 
30 1.2609] 1.2619] 1.2630] 1.2641] 1.2652] 1.2663] 1.2674] 1.2685] 1.2697| 1.2708 
31 1.2719] 1.2730] 1.2741] 1.2752] 1.2763] 1.2775| 1.2786] 1.2797] 1.2808] 1.2820 
32 1. 2831| 1.2842] 1.2854] 1.2866] 1.2877] 1.2888] 1.2900] 1.2912] 1.2923] 1.2934 
33 1,2946| 1.2957] 1.2968] 1.2979] 1.2991] 1.3004] 1.3016] 1.3028] 1.3040] 1 3052 
34 1.3063] 1.3075] 1.3087) 1.3098] 1.3110] 1.3122] 1.3134] 1.3146] 1.3158] 1.3170 
35 1.3182] 1.3194] 1.3206] 1.3218] 1.3230] 1.3242] 1.3254] 1.3266] 1.3278] 1.3290 
36 1.3302] 1.3314] 1.3326] 1.3339] 1.3352] 1.3364] 1.3376] 1.3389] 1.3401| 1.3414 
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TABLE 180—Continued. 
SPECIFIC GRAVITY 60° F. 


TENTHS OF DEGREES 
Degrees 
any 0 1 2 3 4 5 6 9 
37 1.3426] 1.3438] 1.3451] 1.3464] 1.3476] 1.3488] 1.3500 3528 
38 | 1.3551] 1.3564] 1.3577] 1.3589] 1.3602] 1.3615] 1.3627 3666 
~~ 39 | 1.3679] 1.3692] 1.3705] 1.3718] 1.3731| 1.3744] 1.3757 3796 
~ 40 | 1.3809] 1.3822] 1.3836] 1.3849] 1.3862] 1.3875] 1.3888 3928 
41 | 1.3942} 1.3955] 1.3969] 1.3982] 1.3996] 1.4009] 1.4023 4064 
42 | 1.4078} 1.4091] 1.4105] 1.4118] 1.4132] 1.4146] 1.4160 4202 
Tas 1.4216] 1.4230| 1.4244] 1.4258] 1.4272] 1.4286] 1.4300 4342 
44 ‘| 1.4356] 1.4370] 1.4385] 1.4399] 1.4413] 1.4428] 1.4442 4485 
45 1.4500] 1.4514] 1.4529] 1.4543] 1.4558] 1.4573] 1.4588 4632 
46 | 1.4646] 1.4661] 1.4676] 1.4691] 1.4706] 1.4721| 1.4736] 1.4751| 1.4766] 1.4781 
47. | 1.4796] 1.4811| 1.4826] 1.4841] 1.4856| 1.4871] 1.4887 4933 
4g | 1.4948] 1.4963] 1.4979] 1.4994] 1.5010] 1.5026] 1.5041 5088 
~ 49 | 1.5104] 1.5120] 1.5136] 1.5142] 1.5167] 1.5182] 1.5199 5247 
50 ‘| 1.5263] 1.5279] 1.5295] 1.5311] 1.5327] 1.5343] 1.5360 5409 
51 | 1.5425] 1.5442] 1.5458] 1.5474] 1.5491] 1.5508] 1.5525 5574 
52 1.5591| 1.5608] 1.5625] 1.5642] 1.5659] 1.5676] 1.5693 5744 
53 1.5761] 1.5778] 1.5795] 1.5812] 1.5829] 1.5847| 1.5864 5916 
54 1.5934] 1.5951| 1.5969] 1.5986] 1.6004] 1.6022] 1.6040 6093 
55 1.6111] 1.6129] 1.6147| 1.6165] 1.6183] 1.6201] 1.6219 6274 
56 1.6292] 1.6310] 1.6328] 1.6347] 1.6365] 1.6384] 1.6402 6458 
is 1.6477| 1.6496] 1.6515] 1.6534] 1.6552] 1.6571] 1.6590 6647 
58 1.6666] 1.6686] 1.6705] 1.6724] 1.6743] 1.6763] 1.6782 6840 
59 | 1.6860] 1.6879] 1.6899] 1.6919] 1.6939] 1.6959] 1.6979 7039 
60 1.7059] 1.7079] 1.7099] 1.7119] 1.7139] 1.7159] 1.7180 7241 
61 1.7262] 1.7282] 1.7303] 1.7324] 1.7344] 1.7365] 1.7386 7449 
62 1.7470] 1.7491| 1.7512| 1.7533] 1.7554] 1.7576] 1.7597 7661 
63 1.7683} 1.7704] 1.7726] 1.7748] 1.7769] 1.7791] 1.7813 7879 
64 1.7901] 1.7923] 1.7945] 1.7967] 1.7990] 1.8012] 1.8034 8102 
65 1.8125] 1.8148] 1.8170| 1.8193] 1.8216] 1.8239] 1.8262 8331 
66 1.8354] 1.8377| 1.8401] 1.8424] 1.8447] 1.8471] 1.8494 8566 
Siney 1.8590] 1.8614] 1.8638] 1.8662] 1.8686] 1.8710] 1.8734 8806 
68 1.8831] 1.8855] 1.8880] 1.8905] 1.8929] 1.8954] 1.8979 9054 
69 1.9079] 1.9104] 1.9129] 1.9154] 1.9180] 1.9205] 1.9231 9307 
70 1.9333} 1.9359] 1.9385] 1.9411] 1.9437] 1.9463] 1.9489 9568 
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TABLE 181. 


Properties of Saturated Steam.* 


Total 
Heat Heat of heat in 
tp one Tempera- in vaporiza- heat Density or ee Total 
pounds ture in liquid tion, or units weight o ai pressure 
per sq. in. degrees from latent from of cubic ft. oes in above 
above Vahren- 32° in heat in water at | in pounds os ze vacuum 
vacuum heit units heat units 32° eet 
pert. Us Be Low. B. T. U. 
1 101.99 70.0 1043.0 | 1113.1 | 0.00299 | 334.5 1 
2 126.27 94.4 1026.1 1120.5 | 0.00576 173.6 2 
3 141.62 109.8 1015.3 1125.1 0.00844 118.5 ES 
A 153.09 121.4 1007.2 | 1128.6 | 0.01107 90.31 4 
5 162.34 130.7 1000.8 | 1131.5 | 0.01366 73.21 5 
6 170.14 138.6 995.2 | 1133.8 | 0.01622 61.67 6 
7 176.90 145.4 990.5 | 1135.9 | 0.01874 53.37 7 
8 182.92 151.5 986.2 | 1137.7 | 0.02125 47.06 8 
9 188.33 156.9 982.5 1139.4 0.02374 42.12 9 
10 193.25 161.9 979.0 1140.9 0.02621 38.15 10 
14.7 212.00 180.9 965.7 1146.6 0.03794 26.36 14.7 
15 213.03 181.8 965.1 1146.9 0.03826 26.14 15 
20 227.95 196.9 954.6 1151.5 0.05023 19.91 20 
25 240 .04 209.1 946.0 1155.1 0.06199 16.138 25 
30 250.27 219.4 938.9 1158.3 0.07360 13.59 30 
35 259.19 | 228.4 932.6 1161.0 0.08508 11-75 35 
40 267.13 236.4 927.0 1163.4 0.09644 10.37 40 
45 274,29 243.6 922.0 1165.6 0.1077 9.287 45 
50 280.85 250.2 917.4 1167.6 0.1188 8.414 50 
55 286.89 256.3 913.4 1169.4 0.1299 7.696 55 
60 292.51 261.9 909.3 1A 2 0.1409 7.097 60 
65 297.77 267.2 905.5 1172.7 0.1519 6.583 65 
70 302.71 2722 902.1 1174.3 0.1628 6.1438 70 
75 307.38 276.9 898.8 LIST 0.1736 5.762 75 
80 311.80 281.4 895.6 1177.0 0.1843 5.426 80 
85 316.02 285.8 892.5 1178.3 0.1951 5.126 85 
90 320.04 290.0 889.6 1179.6 0.2058 4.859 90 
95 323.89 294.0 886.7 1180.7 0.2165 4.619 95 
100 327.58 297.9 884.0 1181.9 0.2271 4.403 100 
105 331.13 301.6 881.3 1182.9 0.2378 4.205 105 
110 334.56 305.2 878.8 1184.0 0.2484 4.026 110 
115 337.86 308.7 876.3 1185.0 0.2589 3.862 115 
120 341.05 312.0 874.0 1186.0 0.2695 Sturalal 120 
125 344.13 315.2 Sila 1186.9 0.2800 3.571 125 
130 347.12 318.4 869.4 1187.8 0.2904 3.444 130 
140 352.85 324.4 865.1 1189.5 0.3113 3.212 140 
150 358 .26 330.0 861.2 1191.2 0.3321 3.011 150 
160 363.40 335.4 857.4 1192.8 0.3530 2.833 160 
170 368,29 340.5 853.8 1194.3 0.3737 2.676 170 
180 372.97 345.4 850.3 1195.7 0.3945 2.535 180 
190 377.44 350.1 847.0 1197.1 0.4153 2.408 190 
200 381.73 354.6 843.8 1198.4 0.4359 2.294 200 
225 391.79 365.1 836.3 1201.4 0.4876 2.051 225 
250 400.99 374.7 829.5 1204.2 0.5393 1.854 250 
275 409.50 383.6 823.2 1206.8 0.5913 1.691 275 
300 417.42 391.9 817.4 1209.3 0.644 1.553 300 
325 424.82 399.6 811.9 1211.5 0.696 1.487 325 
350 431.90 406.9 806.8 1213.7 0.748 1.337 350 
375 438.40 414.2 801.5 1215.7 0.800 1.250 375 
400 445.15 421.4 796.3 1217.7 0.853 ata re 400 
500 466.57 444.3 779.9 1224.2 1.065 .939 500 
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TABLE 181—Continued. 
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Heat Heat of Total 
Temper- in vaporiza- heat in P Volume /Tempera- 
ature in Total liquid tion, or | heat units Density or of one ture in 
degrees | Pressure from latent from weight pound in | degrees 
Fahren- above 32° in heat in water at | of cubic ft. cubic Fahren- 
heit vacuum units heat units 322 in pounds feet heit 
BLT. Us: B. T. U. Bap. Us 
32 0.089 0. 1091.7 1091.7 0.0003 3387. 32 
60 0.254 28.12 1072.1 1100.2 0.0008 1244. 60 
90 0.692 58.04 1051.4 1109.4 0.0021 474.6 90 
120 1.683 88.10 1034.4 1118.5 0.0049 204.4 120 
140 2.877 108.2 1016.4 1124.6 0.0081 12352, 140 
150 3.706 118.3 1009.4 eZine 0.0103 97.03 150 
160 4.729 128.4 1002.3 1130.7 0.0130 77.14 160 
170 5.98 138.5 995.3 1133.8 0.0162 61.85 170 
180 7.50 148.5 988.3 1136.8 0.0200 50.01 180 
190 9.33 158.6 981.3 1139.9 0.0245 40.73 190 
200 11.52 168.7 974.2 1142.9 0.0299 33.40 200 
210 14.12 178.8 967.2 1146.0 0.0363 27.57 210 
220 LALO. 188.9 960.1 1149.0 0.0435 22.98 220 
225 18.91 193.9 956.7 1150.6 0.0476 20.99 225 
230 20.78 198.9 953.2 1152.1 0.0521 19.20 230 
235 22.80 204.0 949.6 1153.6 0.0569 17.59 235 
240 24.98 209.0 946.1 1155.1 0.0619 16.14 240 
245 Zioo 214.1 942.6 1156.7 0.0674 14.83 245 
250 29.86 219.1 939.1 1158.2 0.0733 13,65 250 
255 32.57 224.1 935.6 1159.7 0.0795 12.57 255 
260 35.48 229.2 932.0 1161.2 0.0862 11.60 260 
265 38.60 234.2 928.6 1162.8 0.0933 10.72 265 
270 41.94 239.3 925.0 1164.3 0.1008 9.918 270 
275 45.51 244.3 921.5 1165.8 0.1088 9.187 275 
280 49.33 249.3 918.0 1167.3 0.1173 8.521 280 
285 53.39 254.4 914.5 1168.9 0.1264 7.913 285 
290 57 72 259.4 911.0 1170.4 0.1359 7.356 290 
295 62.33 264.4 907.4 Hal yale) 0.1461 6.847 295 
300 67.22 269.5 903.9 1173.4 0.1567 6.380 300 
305 72.42 274.5 900.5 1175.0 0.1680 5.952 305 
310 77.83 279.6 896.9 1176.5 0.1799 5.558 310 
315 83.70 284.8 893.2 1178.0 0.1925 5.195 315 
320 89.95 290.0 889.5 1179.5 0.2058 4.861 320 
325 96.48 295.2 885.9 1181.1 0.2197 4.552 825 
330 103.38 300.5 882.1 1128.6 0.2343 4.267 330 
335 110.66 305.7 878.4 1184.1 0.2498 4.004 335 
340 118.34 310.9 874.7 1185.6 0.2660 3.760 340 
345 126.43 316.1 871.1 1187.2 0.2830 3.534 345 
350 134.95 321.4 867.3 1188.7 0.3008 3.324 350 
355 142.91 326.6 863.6 1190.2 0.3195 3.1380 355 
360 153.33 331.8 859.9 1191.7 0.3391 2.949 360 
365 163.22 Ol nL 856.2 1193.3 0.3597 2.780 365 
370 173.60 342.3 852.5 1194.8 0.38812 2.623 370 
375 184.49 347.5 848.8 1196.3 0.4038 2.476 375 
380 195.91 352.8 845.0 1197.8 0.4276 2.3388 380 
385 207 .87 358.0 841.4 1199.4 0.4521 2,212 385 
390 220.39 363.2 837.7 1200.9 0.4780 2.092 390 
395 233.50 368.4 834.0 1202.4 0.5051 1.980 395 
400 247.21 373.7 830.2 1203.9 0.5336 1.874 400 
405 261.55 378.9 826.6 1205.5 0.5633 1.775 405 
410 276.54 384.1 822.9 1207.0 0.5945 1.682 410 
415 292.21 389.4 819.1 1208.5 0.6270 1.595 415 
420 308.57 394.6 815.4 1210.0 0.6610 1.512 420 
425 325.65 399.8 811.8 1211.6 0.6970 1.434 425 
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TABLE 182. 
Tables for converting U. S. Weights and Measures Customary to Metric.° 
LINEAR. CARACKHT Ys 
Kid Fluid Fluid Lora 
inelies Feet to Yards to Miles eee ounces Rie stead to 
millimeters. | ™¢tes- meters. | kilometers. or cubic Bets liters. Hes 
centimeters. | 7) NUETS- 
I | 25.4001 | 0.304801 | 0.914402 | 1.60935 | 1 3-70 29.57 0.94633 | 3-78533 
2} 50800t | 0.609601 | 1.828804 | 3.21869 |] 2 7-39 ae 15 1.89267 7.57006 
3.| 76.2002 | 0.914402 | 2.743205] 4.82804 || 3 11.09 8.72 2.83900 1.35600 
4 | 101.6002 | 1.219202 | 3.657607 | 6.43739 |I| 4 14.79 118.29 3-78533 1514133 
5 | 127.0003 | 1.524003 | 4.572009 | 8.04674 ||| 5 18.48 147.87 4.73167 | 18.92666 | 
6 | 152.4003 | 1.828804 | 5.486411 | 9.65608 |] 6 22.18 177.44 5.67800 | 22.71199 
7 | 177.8004 2.133604 6.400813 | 11.26543 || 7 25.88 207.01 6.62433 | 26.49733 
8 | 203.2004 | 2.438405 | 7.315215 | 12-87478 |] 8 29.57 236.58 7.57066 | 30.28266 
9 | 228.6005 | 2.743205 | 8.229616 | 14.48412 || 9 33-27 206.16 8.51700 | 34.06799 
SQUARE. WEIGHT. 
S s S . Avoirdu- 
inches to | Savare lest] yards to | Acresto lj | Grams to | oSrinces | Pols pounds | ou hte¥ 
Sate 60 ate. g ge ances grams [Mograms. | fame | Bram 
I 6.452 9.290 0,836 0.4047 | I | 64.7989 | 28.3495 | 0.45359 | 31.10348 
2}. 12.903 18.581 1.672 0.8094 |I| 2 | 129.5978 Paneer 0.90718 | 62.20696 
CEELONSS, 27.871 2.508 1.2141 |i 3 | 194.3968 5.0486 recs 93-31044 
4 | 25.807 37.161 3-345 1.6187 {I 4 | 259.1957 | 113.3981 | 1.81437 |124.41392 
5} 32-258 46.452 4.181 2.0234 | 5 | 323-9946 | 141.7476 | 2.26796 1§5.51740 
6] 38.710 55-742 5.017 2.4281 6 | 388.7935 | 170.0972 | 2.72155 |186.62088 
VE Ciseasep 65.032 5.853 2.8328 | 7 | 453.5924 | 198.4467 | 3.17515 217-72437 
8] 51.613 74.323 6.689 3.2375 18 518.3913 226.7962 | 3.62874 |243.82785 
9} §8.065 | 83.613 7.525 | 3-6422 19 | 583-1903 | 235.1457 | 4.08233 |279.93133 
CUBIC: 
Cubi ‘ Cubi 
inches to Cubic feet valde Bushels to 1 Gunter’s chain: = 20.1168 meters. 
Subic Cob |. meters: CUS >. hastolitcrs, I sq. statute mile = 259.000 hectares. 
3 1 fathom = 1.829 meters. 
t | 16.387 | 0.02832 0.765 | 0.35239 I nautical mile == 1853.25 meters. 
|| Bean 0.05653 1.529 | 0.70479 1 foot = 0.304801 meter. 
3] 49.161 0.08495 2.294 | 1.05718 . Aub 
4] 65.549 | 0.11327 3.058 | 1.40957 T avoir. poun = 453-5924277 grams, 
5 | 81.936 0.14159 3.823 1.76196 15432.35639 grains = 1.000 kilogram. 
6] 98.32 0.16990 4.587 | 2.11436 
7 | 114.710 0.19822 5-352 | 2.46675 
8 | 131.097 o22054 (6.116 | 2.81914 
[9 147.484 0.25485 6.881 3.17154 
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TABLE 183, 
Tables for converting U. S. weights and measures. Metric to customary.° 


LINEAR. CAPACITY. 
2 me CO eS 
| Millili- 
P ters or | Centi- Aiiters Deca- Hecto- 
Meters to | Meters to Meters to | Kilometers cubic cen-| liters to te liters liters 
inches. feet. yards, to miles. ||) timeters fluid fe to to 
to fluid | ounces. | U4" gallons. | bushels. 
drams. 
I | 39-3700 | 3.28083 | 1.093611 | 0.62137 | I | 0.27 | 0.338 | 1.0567 | 2.6418] 2.8378 
2 78.7400 | 6.56167 | 2.187222 | 1.24274 ||| 2 0.54 | 0.676 | 2.1134 | 5.2836] 5.6756 
3 | 118.1100 | 9.84250 | 3.280833 | 1.86411 |] 3 | 081 1.014 | 3.1701 | 7.9253] 8.5135 
4 | 157.4800 | 13.12333 | 4.374444 | 2.48548 4 | 1-08 | 1.353 | 4.2268 | 10.5671 | 11.3513 
5 | 196.8500 | 16.40417 | 5.468056 | 3.10685 |] 5 1.35 1.691 5.2836 | 13.2089] 14.1891 
6 | 236.2200 | 19.68500 | 6.561667 | 3.72822 || 6] 1.62 | 2.029 | 6.3403 | 15.8507| 17.0269 
7 | 275.5900 | 22.96583 7-055278 4.34959 17 | 1.89 | 2.367 | 7.3970 | 18.4924] 19.8647 
8 | 314.9600 | 26.24667 | 8.743889 | 4.97096 || 8 | 2.16 | 2.705 | 8.4537 | 21.1342] 22.7026 
9 | 354-3300 | 29.52750 | 9.842500 | 5.59233 19 | 2.43 | 3-043 | 9.5104 | 23.7760] 25.5404 
I SQUARE. WEIGHT. 
$ Th : Hecto- Kil 
es one to mae 40 Hectares eons 6 Bee 6 Res eE A grains to 
si . a * ounces 
Speles® | SRE | Sarge | SA P| Cee | ae | crt nla 
L pe ae ee eas 
Se) Cot LI6) 10.764 1.196 2.471 | | 0.01543 | 1543236] 3.5274 2.20462 
2] 0.3100 21.528 2.392 4.942 || 2-| 0.03086 | 30864.71 oe 4.40924 
3] 0.4650 32.292 3.588 7-413 || 3 | 0.04630 | 46297.07| 10.5822 6.61387 
4 | 0.6200 43-055 4.784 9.884 14 | 0.06173 | 61729.43] 14.1096 8.81849 
5} 0.7750 53-819 5.980 12.355 {5 | 0.07716 | 77161.78| 17.6370 | 11.02311 
16 0.9300 64.583 7.176 14.826 6 | 0.09259 | 92594.14| 21.1644 | 13.22773 
7 | 1.0850 75-347 8.372 17.297 || 7 | 0.10803 | 108026.49| 24.6918 | 15.43236 
8 | 1.2400 86.111 9.568 19.768 |/8 | 0.12346 | 123458.85| 28.2192 | 17.63698 
9 | 1.3950 96.875 10.764 22.239 |1Q | 0.13889 | 138891.21 | 31.7466 | 19.84160 
a - er 
CUBIC. i WEIGHT. 
be 4 
Cubic Cubic Cubic Cubic ; Milliers or Kilograms 
centimeters | decimeters | metersto | meters to Quintals to tonnes to pounds TOrOUBCeS 
to cubic to cubic cubic cubic pounds av. Pate Drove 
inches. inches. feet. yards. 
1 | 0.0610 61.023 35.314 1.308 || I 220.46 2204.6 32.1507 
2| 0.1220 122.047 70.269 2.616 | 2 44098 bea oe 5 
0.1831 183.070 | 105,943 3.924 {3 1.39 13-9 96.4522 
Bvt 244.094 | 141.253 5.232 | 4 881.85 sa18.c 128.6030 
5 | 0.3051 305.117 | 176.572 6.540 | 5 1102.31 11023.1 160.7 537 
6 | 0.3661 366.140 | 211.887 7.848 || 6 1322.77 13227.7 192.9045 
7 | 0.4272 427.164 | 247.201 9.156 || 7 1543.24 15432.4 225.0552 
8 | 0.4882 488.187 | 282.516 | 10.464 |] $8 1763.70 17037.0 257-2059 
9] 0.5492 549.210 | 317.830 | 11.771 {9 1984.16 19841.6 289.3567 
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TABLE 184. 
Equivalent of Metric and British Imperial Weights and Measures. Metric to 
Imperial.® 
LINEAR MEASURE. MEASURE OF CAPACITY, 
I Beets (mm.) ba 0.03937. in. | I see (ml.) (.001 t Bay OA cub, 5. 
I centimeter (Ol m.) = 0.39370 “ ; 0.61024 & 
1 decimeter (.1 m) —jI Rope I centiliter (.or liter) =} 0.070 gill. 


39370113 
I METER (m.) . . «== 4 3.280843 ft. 


™ 


deciliter (.1 liter) . 0.176 pint. 


I| 


I LITER (1,000 cub. 
1.09361425 yds. centimeters or 1 ? = 1.75980 pints. 
I oe = .= 10.93614 «“« cub. decimeter) i 
(to m.) | 1 dekaliter (1oliters) . == 2.200 gallons. 
u eeee ‘oe . == 109.361425 “ 1 hectoliter (100 “ ) , = 2.75 bushels. 
' (100 m.) 1 kiloliter (1,000 ) . == 3.437 quarters. 
: Tee er eer .= 0.62137 mile, 
Im riameter Avs - a 4 £ 4 
Ge cosan = = 6.21372 miles. APOTHECARIES’ MEASURE. 
| I micron ed 0,00I mm. } 


_ 


cubic centi- 

ats isteis (CK 0.28157 fluid drachm. 

gram w’t) 15.43236 grains weight. 
cub. millimeter =o. 01693 minim, 


} oe fluid ounce. 


HH 


SQUARE MEASURE. 
AVOIRDUPOIS WEIGHT. 


I sq. centimeter . 


0.1550 sq. in, 


I sq. decimeter : I milligram (mgr.) . . = 0.01 rain. 
oe sq. centm.) | Saar we u centigram (or rans = eutsag2 ve 
I sq. meter or centi- = | 10.7639 sq. ft. 1 decigram (.1 se = 1.54324 grains. 
are (100 sq. dem.) §~ ) 1.1960 sq. yds. I GRAM . Wish ee, ==05-452 300s 
I ARE (100 sq. m.) = 119.60 sq. yds. 1 dekagram (10 gram.) = 5.64383 drams. 
1 hectare (100 ares = | 1 hectogram (1@0 “ ) == 3.52739 oz. 
or 10,000'sq.m.) § = 4711 acres: ( 2.2046223 Ib 
I KILOGRAM (1,000“ ) =< 15432.3564 
Q grains. 
I myriagram (10 kilog.) ==22.04622 lbs. 
I quintal (100 “ ) = 1.96841 cwt. 
I millier or tonne ; Se otet 
CUBIC MEASURE. (1,000 kilog.) cates: Sears 


1 cub. centimeter 
(c.c.) (1,000 cubic 7 = 0.0610 cub. in. TROY WEIGHT. 


millimeters) 


t cub, decimeter 
(c.d.) (1,000 cubic @== 61.024 “ « | 03215 oz. Troy. 
centimeters) [CREM eee Bley pennyweight, 
I CUB. METER ( enh | 15.43236 grains, 
or stere — $§ 35.3148 cub. ft. 
(1,000 ¢.d.) V 1.307954 cub. yds. 


APOTHECARIES’ WEIGHT. 


GRAM . .. . ==4 0.77162 scruple. 


0.25721 drachm. 
15.43236 grains, 
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TABLE 185. 
Equivalents of Metric and British Imperial weights and Measures. Metric to 
imperial.° 
LINEAR MEASURE. “A MEASURE OF CAPACITY. 
Millimeters Meters Meters Kilo- Liters | Dekaliters | Hectoliters} Kiloliters 
_ to to mito meters to | to to to to 
inches. feet. yards, miles, | pints. gallons busnels. | quarters. 
T | 0.03937011 | 3.28084 | 1.09361 | 0.62137 i 1.75980] 2.19975 2.74969 | 3.43712 
2 | 0.07874023 | 6.56169 | 2.18723 | 1.242741 2 | 3.51961 4.39951 5.49938 | 6.87423 
3 | 011811034} 9.84253 | 3.28084 | 1.86412 || 3] 5.27941 6.59926 | 8.24908 | 10.31135 
4 | 0.15748045 | 13.12337 | 4-37440 | 2.48549 || 4 | 7.03921] 8.79902 | 10.99877 | 13.74846 
5 | 0.19685056 | 16.40421. | 5.40807 | 3.10686 || 5 | 8.79902] 10.99877 | 13-74846 17.18558 
6 | 0.23622968 | 19.68506 | 6.56169 | 3.72823 |] 6 | 10.55882 | 13.19852 | 16.49815 | 20.62269 
7 | 2-27559079 22.96590 | 7.65530 | 4.34960 || 7 | 12.31862] 15.39828 | 19.24785 | 24.05981 
8 | 0 31496090 | 26.24674 | 8.74891 | 4.97097 || 8 | 14.07842| 17.59803 | 21.99754 | 27.49692 
9 | 0-35433102 | 29.52758 | 9.84253 | 5.59235 |] 9 | 15.83823| 19.79778 | 24.74723 es 
SQUARE MEASURE. WEIGHT (Avorrpupois). 
Square Square Square Milli- Kilo- Quinta!ls 
centimeters meters to meters to | Hectares grams Kilograms grams to 
to square square square to acres. to to grains, to hundred- 
:ches. feet. yards. grains, ; pounds, weights. , 
I | 0.15500 10.76393 | 1-19599| 2.4711 || t | 0.01543 | 15432.356| 2.20462] 1.96841 
2 0.31000 21.52786 | 2.39198] 49421 j] 2 | 0.03086 | 30864.713} 4.40924] 3.93633 
3 | 0.46500 | 32.29179 | 3.58798] 7.4132 || 3 | 0.04630 | 46297.069] 6.61387] 5.90524 
4 | 0.62000° | 43.05572 | 4.78397 | 9.8842 | 4 | 0.06173 | 61729.426] 8.81849] 7.87365 
5 | 0.77500 | 53.81965 | 5.97996 | 12.3553 || 5 | 0.07716 | 77161.782 | 11.02311 | 9.84206 
6 | 0.93000 | 64.58357 | 7.17595 | 14-8263 || 6 | 0.09259 | 92594.138 | 13.22773 | 11.81048 
7 1.08500 *} 75.34750 | 8.37194 | 17.2974 || 7 | 0.10803 | 108026.495 | 15.43236 | 13.77889 
8} 1.24000 | 86.11143 | 9.56794 | 19.7685 || 8 | 0.12346 | 123458.851 | 17.63698 | 15.74730 
9] 1.3950t | 96.87536 | 10.76393 | 22.2395 |] 9 | 0.13889 | 138891.208 | 19.84160 | 17.71572 
APOTHE- A sae ApoTHE- 
CUBIC MEASURE. Oe Werte ots Troy WeicuT. C= 
Cubic Cubic Cubic | Cub. cen- Milliers or Grams Grams Grams 
decimeters metersto | metersto | timeters ‘tonnes to to ounces to penny- to 
toque | qubie | cable | go fvd | Otome. | roy. | weights | scrpts, 
1 | 61.02390 | 35.31476] 1.30795 | 0.28157 || 1 | 0.98421 0.03215 -| 0.64301 | 0.77162 
2 oie ee 2.01591 | 0.56314 || 2 | 1-96841 | 0.06430 1.28603 | 1.54324 
3 | 183.07171 | 105.94428 | 3.92386 | 0.84471 |] 3 | 2.95262 0.09645 1.92904} 2.31485 
4 | 244.09561 | 141.25904 | 5.23182 1.12627 4 | 3.93683 | 0.12860 2.57200 | 3.08647 
§ | 305-11952 | 176.57379| 6.53977 | 1.40754 || 5 |-4-92103 0.1607 5 3.21507 | 3.85809 
a : . 
8941 | : .192 85809 | 4.62971 
6 | 366.14342 | 211.88855| 7.84772 | 1.68941 || 6 | 5 90524 | 0.19290 3.85809 
7 ae 247.20331 | 9.15568 | 1.97098 7 6.88944 0.22506 4.50110 pies 
8 | 488.19123 | 282.51807 | 10.46363 | 2.25255 |] 8 7.87305 | 0.25721 S442 eee 
9 | 549.21513 | 317-83283 | 1.77159 | 2.53412 |] 9 | 8.85786 | 0.28936 | 5.78713 | 6.9445 
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TABLE 186. 


Equivalent of British Imperial and Metric weights and measures. Imperial to 


metric.” 
LINEAR MEASURE. 


MEASURE OF CAPACITY. 


: ee milli- gil ee. = 1.42 deciliters. 
NEN 5 GGG aS meters. | 1 pint (4 gills) . = 0.568 liter. 
I foot (12 in.) = 0.30480 meter. I quart (2 pints) . .= 1.136 __ liters. 
I YARD (3 ft.) = 0914399 “ I GALLON (4 quarts) = 4. 5459631 a 


t pole (54 yd.) 5.0292 meters. 
I chain (22 yd. or a 
100 links) F ee ce , 
= Zor, 
: oe eS) § 1.6093 kilo- 
mile (1,760 yd.) . = ) meters. 


1 peck (2 galls.) . . = 9.092 
1 bushel (8 galls.) . = 3.637 Piece 
I quarter (8 bushels) = = 2.909 hectoliters. 


- 


AVOIRDUPOIS WEIGHT. 
SQUARE MEASURE, 


pgrain ee milli- 
, 6.4516 sq. cen- pains: 
Isquareinch . . = puncte: 1 dram . . .== 1.772 grams. 
' 9.2903 sq. deci-|| ' ounce (16 dr. on os= Aigo 
TSqetta(ragesqein.) == | aac I SU AC 02. ort 0.45359243 kilogr. 

§ 0.836126 sq. 7,000 grains) p 
I SQ. YARD (9 sq. ft.) = ) aes I stone (14 Ibj) t= 26:350 ; 
2¢,2 ; Sa ee quantera(28.lbs)e 2 —— 247.0 : 
I perch (304 sq. yd.) = { os a a I Beek e <= )) BOSE aes 
1 rood (40 perches) 10.117 ares. (112 1b.) ) 0.5080 quintal. 


II I 


0.40468 hectare. | 


i] 


ACRE (4840 sq. yd.) oo 
‘sq. mile (640 acres) = 4 259-00 hectares, Ceca 


1.0160 tonnes 
grams. 


| x ton (20 ewt.) 


ROY QWEIGEH SE: 


® 


CUBIC MEASURE. 


| 1 Troy OUNCE 
grains avoir 
I pennyweight (24 tl __ “ 
grains) eee i ee 


a] 


cub. inch= 46, 387 cub. centimeters. 


no == 31.1035 grams. 
cub. foot ie ey cub. me- 


cub. in.) ter, Ob, 25:317 
cub. decimeters. 
==0.76455 cub. meter. 


4 


CUB. YARD (27 
cub. ft.) 


Note. — The Troy grain is of the same weight as 
the Avoirdupois grain. 


APOTHECARIES’ MEASURE. 
| APOTHECARIES’ WEIGHT. 


B76 Aid ounces) ¢ = 4545963" liters, 


fluid ounce, f3l __ yee cubic 
(8 drachms) = centimeters, 


I ounce (8 drachms) = 31.1035 grams. 
1 drachm, 3i (3 scru- | = 3.888 a 


=] 


: 5 les) § 
I fluid drachm, f 3 U __ ; 3-5515 cubic 2 : 
(60 minims) t an centimeters. ; ae Di a = 1.296 i 


I minim, mM (0.91146 | __ { 0.05919 cubic 


grain weight) 4 centimeters, Norg.— The Apothecaries’ ounce is of the same 


weight as the Troy ounce. The Apothecaries’ 
grain is also of the same weight as the Avoirdupois 
grain. 


L Be 


\ 


Notr. — The Apothecaries’ gallon is of the same 
capacity as the Imperial gallon. 
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TABLE 186—Continued. 
Equivalent of British Imperial and metric weights and measures. Imperial to 


Metric. 
| 
LINEAR MEASURE. | MEASURE OF CAPACITY. 
Inches Feet Yards Miles Quarts Gallons Bushels Quarters 
to to to to kilo to to to 10 
centimeters. meters, meters. meters. liters. liters, dekaliters. | hectoliters. 
I | 2.539998 | 0.30480 | 0.91440 | 1.60934 || 1 1.13649 4.54596 | 3-63677 | 2.90942 
2 | 5.079996 | 0.60960 | 1.82880 | 3.21869 || 2 | 2.27208 9.09193 | 7.27354 ane 
3 | 7-619993 | 0.91440 | 2.74320 | 4.82803 |] 3 | 3.40947 13.63789 10.9103 72825 
4 | To.159991 | 1.21920 | 3.65760 } 6.43737 || 4 | 4.54596 | 18.18385 | 14.54708 | 11.63767 
5 | 12.699989 | 1.52400 | 4.57200 .04671 |} 5 5.68245 | 22.72982 | 18.18385 | 14.54708 
6 | 15.239987 | 1.82880 | 5.48640 | 9.65606 ||| 6 6.81894 27.27578 | 21.82062 | 17.45650 
7 | 17-779984 | 2.13360 | 6.40080 | 11.26540 | 7 | 7.95544 | 31.82174 | 25.45739 | 20.360591 
8 | 20.319982 | 2.43840 | 7.31519 | 12.87474 || 8 | 9.09193 | 36.36770 | 29.09416 | 23.27533 
9 | 22.859980 | 2.74320 | 8.22959 | 14.48408 |] 9 | 10.22842 | 40.91367 | 32.73093 | 26.18475 
| 
SQUARE MEASURE. i WEIGHT (Avorrpvupots). 
Square Square Square | Grains Pounds Hundred- 
inches feet yards to | Acres to | Fonda Ounces to Pane weights to 
couincemeleccaeaa nga tee grams, Sins: | grams. | quintals. 
I 6.45159 | 9.29029 | 0.83613 | 0.40468 Fe 64.79892 | 28.34953 | 0.45359 | 0.50802 
2 | 12.90318 | 18.58058 | 1.67225 | 0.80937 || 2 | 129.59784 50-0995 0.90718 | 1.01605 
3. | 19.35477 | 27-57086 | 2.50838 | 1.21405 |l| 3 | 194.39675 5.04858 1.36678 | 1.52407 
4 | 25.80636 | 37.16115 | 3.34450 | 1.61874 |l 4 | 259.19567 | 113.39811 | 1.81437 | 2.03209 
5 | 32-25794 | 46.45144 | 4.18063 | 2.02342 |] 5 | 323-99459.| 141.74763 | 2.26796 | 2.54012 
6 | 38.70953 | §5-74173 | 5.01676 | 2.42811 |l 6 | 388.7935 | 170.09716 | 2.72155 | 3.04814 
7 | 45-1612 | @5.03201 | 5.85288 | 2.83279 |] 7 | 453-59243 | 198.4469 | 3.17515 | 3.55616 
8 | 51.6127t | 74.32230 | 6.68901 | 3.23748 || 8 | 518.39135 | 226.79621 3.62574 4.00419 
9 | 58.06430 | 83.61259 | 7.52513 | 3.64216 |} 9 | 5383-19026 | 255.14574 | 4.08233 | 4.57221 
| 
| 
- {Il A t= 
CUBIC MEASURE. ‘eneest ol ares Troy Weicut CARIES! 
Measure. || Eg hs Weicut 
|l- = 
Cubic | Cubic feet | Cubic Fluid | itsawie Pace series 
inches to yards drachms | ai Ounces to ate a 
to cubic cubic to cubic arm | Led grams. bis oe eras 
centimeters. | meters. meters. Stara: | ‘ 
= } I) 
1 | 16.38702 | 0.02832 | 0.76455] 3.55153 ||| 2 1.01605 | 31.10348 | 1.55517 | 1.29598 
2 pps 0.05663 | 1.52911 | 7.10307 || 2 | 2.03209 | 62.20696 | 3.11035 2.59196 
3] 49.16106 | 0.08495 | 2.29366 | 10.65460 || 3 | 3.04814 | 93.31044 | 4.66552 | 3.88794 
4} 65.54808 | 0.11327 | 3.05821 | 14.20613 || 4 | 4.06419 | 124.41392 | 6.22070 | 5.18391 
5 | 81.93511 | 0.14158 | 3.82276 | 17.75767 || § | 5.08024 | 155.51740 7.77587 | 0.47989 
oa ie 2 3 77597 
6 8.32213 | 0.16990 | 4.58732 | 21.30920 || 6 | 6.09628 | 186.62088 | 9.33104 | 7.775 
7, Tene 0.19822 peer 24.86074 || 7 | 7.1123 217.72437 | 10.88622 gor" 
8 | 131.09617 | 0.22653 | 6.11642 | 28.41227 || 8 | -3.1283 248.82785 | 12.44139 sp oe 
9 | 147.48319 | 0.25485 | 6.88098 | 31.96380 || 9 | 9.14442 | 279.93133 | 13-99657 | 11.6351 


ee ee ee a a a 
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TABLE 187. 
Miscellaneous equivalents of Metric weights and measures.’ 


LINEAR MEASURES. 


1 mil (.oo1 in.) = 25.4001 pb 
1 in. = .000015783 mile 
1 hand (4 in.) = 10.16002 cm 
1 link (.66 ft.) = 20.11684 cm 
1 span (9 in.) = 22.86005 cm 
x fathom (6 ft.) = 1.828804 m 
1 rod (25 links) = 5.029210 m 
1 chain (4 rods) = 20.11684 m 
1 light year (9.5 X 10% km) = 5.9 x 10” 
miles 
I par sec (31 X 10” km) = 19 X 10” miles 
si in. = .397 mm yy in. = .794 mm 
in. = 1.588 mm $ in. = 3.175 mm 
sin. =6.350mm in. = 12.700 mm 
a5 Angstrém unit = .ccococceoor Mm. 
I micron (1) = .co9col mM = .00003937 in. 
1 millimicron (mp) = .cocccccor mM 
m = 4.970960 links = 1.093611 yds. 
= .198838 rod = .0497096 chain 


SQUARE MEASURES. 


1 sq. link (62.7264 sa. in.) = 404.6873 cm? 

1 sq. rod (625 sq. links) = 25.29295 m? 

I sq. chain (16 sq. rods) = 404.6873 m? 

I acre (10 sq. chains) = 4046.873 m? 

I sq. mile (640 acres) = 2.589998 km? 

1 km? = .3861006 sq. mile 

1 m? = 24.7104 sq. links = 10.76387 sq. ft. 
= .039537 Sq. rod. = 00247104 sq. 

chain 


CUBIC MEASURES. 


1 board foot (144 cu. in) = 2359.8 cm3 
1 cord (128 cu. ft.) = 3.625 m 


CAPACITY MEASURES. 


I minim (M) = .o616102 ml 
1 fl. dram (60M) = 3.69661 ml 
t fl. oz. (8 fl. dr.) = 1.80469 cu. in. 
= 29.5729 ml 
x gill a 0z.) = 7.21875 cu. in. = 118.292 


m 

r lig. pt. (28.875 cu. in.) = .473167 1 
1 liq. qt. (57.75 cu. in.) = .946333 1 
1 gallon (4 qt., 231 cu. in.) = 3.785332 1 
1 dry pt. (33.6003125 cu. in.) = .550599 | 
1 dry qt. (67.200625 cu. in.) = 1.101198 | 
1 pk. (8 dry qt., 537.605 cu. in.) = 8.80958 1 
1 bu. (4 pk., 2150.42 cu. in.) = 35.2383 | 
t firkin (9 gallons) = 34.06799 1 
1 liter = .264178.gal. = 1.05671 liq. qt. 

= 33-8147 fl. oz. = 270.518 fl. dr. 
1 ml = 16.2311 minims. 
1 dkl = 18.620 dry pt. = 9.08102 dry at. 
[= 1.13513 pk. = .28378 bu. . 


MASS MEASURES. 


Avoirdupois weights. 
1 grain = .064798918 g 
1 dram av. (27.34375 gr.) = 1.771845 g 
I oz. av. (16 dr. av.) = 28.349527 g 
1 pd. av. (16 oz. av. or 7000 gr.) 
14.583333 0z. ap. (3) or oz. t. 
1.2152778 or 7000/5760 pd. ap 
or t. 
453-5024277 & 
1 kg = 2.204622341 pd. av. 
& = 15432356 gr. = .5643833 av. dr. 
= .03527390 av. oz. 
r short hundred weight (100 pds.) 
= 45.359243 kg 
xt long hundred weight (112 pds.) 
= 50.802352 kg 
short ton (2000 pds.) 
= 907.18486 kg 
long ton (2240 pd.) 
= 1016.04704 kg 
metric ton = 0.98420640 long ton 
= 3.1023112 short tons 


wou 


i 


H 


cal cal 


al 


Troy weights. 


pennyweight (dwt., 24 gr.) = 1.555174 g: 
gr., Oz., pd. are same as apothecary 


H 


A pothecaries’ weights. 


I gr. = 64.798918 mg 

1 scruple (0, 20 gr.) = 1.2959784 g 

r dram (3, 3 = 3.8879351 g 

I 0z. (3, 8 3) = 31.103481 g 

1 pd (123, 5760 gr.) = 373.24177 £ 

I g = 15.432356 gr. =0.771618 0 
= 0.2572059 3 == .03215074 3 


HW 


kg = 32.150742 3 2.6792285 pd. 


cal 


metric carat = 200 mg = 3.0864712 gr. 


U. S. $ dollar should weigh 12.5 g and the 
smaller silver coins in proportion. 
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TABLE 188. 
Conversion of Degrees Centigrade into Degrees Fahrenheit, or vice versa. 


Formula: F.— (x +32 


Formula: C. = (F.— 82) 


Degrees Degrees Degrees Degrees 
Centrigrade Fahrenheit Centrigrade Fahrenheit 
—17-78 0 24 : USL 
—15 5:00 25 77:0 
—10 14:00 30 86:0 

— 5 23°00 35 95 
0 32:00 37°78 100:0 
1 33:8 40:0 104:0 
2 35°6 45 113-0 
3 37-4 50 122°0 
4 39-2 55 131-0 
5 41:0 60 140-0 
6 42:8 65 149-0 
it 44-6 70 158-0 
8 46:4 15 167-0 
9 48-2 80 1760 
10 50-0 85 185-0 
11 51:8 90 194-0 
12 536 95 203-0 
13 55°4 100 212-0 
14 7, 105 221-0 
15 59:0 110 230°0 
15-56 60:0 115 239-0 
16 60°8 120 248-0 
ile 62:6 125 257-0 
18 64:4 130 266-0 
19 66-2 135 275-0 
20 68-0 140 284-0 
21 69°8 145 293-0 
Pape 71-6 150 302-0 
23 73°4 


DIFFERENCE TABLE 


Degrees F into C C into F 


SOONOOPRWNH 
(we) 
iJ) 
CO 
a 
CECB SSS ACS) 
ON FPOWOOW KH ®OO 


— 
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TABLE 189. 


Alcohol table for calculating the percentages of alcohol in mixtures of ethyl 
alcohol and water from their specific gravities. (Calculated by U. S. 
Bureau of Standards from its experimental results).” 


Specific Alcohol : Specific Alcohol 
Gravity - Gravity 
20° C. Per Cent | Per Cent Grams BOC Per Cent | Per Ce:t | Grams 
ears by Vol. by Per deeeee by Vol. by Per 

4° at 20° G.| Weight | 100 ec. 4° at 20° C.| Weight | 100 ce. 
0.99823 0.00 0.00 0.00 0.97704 16.75 13.53 13.22 
0.99785 0.25 0.20 0.20 0.97678 17.00 13.74 13.42 
0.99748 0.50 0.40 0.40 0.97650 17.25 13.94 13.62 
0.99711 0.75 0.59 0.59 0.97624 17.50 14.15 13.81 
~ 0.99675 1.00 0.79 0.79 0.97596 17.75 14.35 14.01 
0.99638 1.25 0.99 0.99 0.97570 18.00 14.56 14.21 
0.99601 1.50 ia 1.19 0.97542 18.25 14.77 14.41 
0.99564 1.75 1.39 1.38 0.97517 18.50 14.97 14.60 
0.99528 2.00 1559 1.58 0.97490 18.75 15.18 14.80 
0.99492 2.25 1.79 1.78 0.97464 19.00 15.39 15.00 
0.99456 2.50 1.98 1.97 0.97438 19.25 15.59 15.20 
0.99420 2.75 2.18 247 0.97412 19.50 15.80 15.39 
0.99384 3.00 2.38 PARE 0.97386 19.75 16.01 15.59 
0.99348 3.25 2.58 Doe 0.97359 20.00 16.21 15.79 
0.99313 3.50 2.78 200) 0.97333 20225 16.42 | 15.99 
0.99278 3.75 2.98 2.96 0.97306 20.50 16.63 16.18 
0.99243 4.00 3.18 3.16 0.97278 20.75 16.84 16.38 
0.99208 4.25 3.38 3.36 0.97252 21.00 17.04 16.58 
0.99174 4.50 3.58 3.55 0.97227 PANES 17.25 16.77 
0.99140 4.75 38.78 3.40 0.97199 21.50 17.46 16.97 
0.99106 5.00 3.98 3.95 0.97172 21.75 17.67 ilperalvg 
0.99073 5.25 4.18 4.14 0.97145 22.00 17.88 Vicoe 
0.99040 5.50 4.38 4.34 0.97118 22.25 18.08 17.56 
0.99006 5.75 4.58 4.54 0.97091 22.50 18.29 U7 526 
0.98973 6.00 4.78 4.74 0.97063 22.75 18.50 17.96 
0.98941 6.25 4.99 4.93 0.97036 23.00 18.71 18.16 
0.98908 6.50 5.19 5.13 0.97007 23.25 18.92 18.35 
0.98876 6.75 5.39 5.33 0.97982 23.50 19.138 18.55 
0.98845 7.00 5.59 §.53 0.96952 23.75 19.33 18.75 
0.98813 7.25 5.79 5.72 0.96925 24.00 19.55 18.94 
0.98781 7.50 5.99 5.92 0.96896 24.25 19.75 19.14 
0.98750 veer ks) 6.19 6.12 0.96869 24.50 19.96 19.34 
0.98718 8.00 6.40 6.32 0.96840 24.75 20.17 19.54 
0.98688 8.25 6.60 6.51 0.96812 25.00 20.38 19.73 
0.98658 8.50 6.80 6.71 0.96783 25.25 20.59 19.93 
0.98627 8.75 7.00 6.91 0.96755 25.50 20.80 20.13 
0.98596 9.00 7.20 GLO 0.96727 25.75 2104 20.33 
0.98566 9.25 7.41 7.30 0.96699 26.00 21.22 20.52 
0.98537 9.50 7.61 7.50 0.96669 26.25 21.43 20.72 
0.98506 9.75 gece! (ieee) 0.96641 26.50 21.64 20.92 
0.98476 10.00 8.02 7.89 0.96612 26.75 21.85 21.12 
0.98446 10.25 8.22 8.09 0.96583 27.00 22.07 21.31 
0.98416 10.50 8.42 8.29 0.96553 Pie 43) 22.28 21.51 
0.98385 10.75 8.62 8.49 0.96525 27.50 22.49 PUES 
0.98356 11.00 8.83 8.68 0.96495 27.75 22.70 21.91 
0.98326 11,25 9.038 8.88 0.96465 28.00 22.901 22.10 
0.98296 11.50 9.23 9.08 0.96436 28.25 23.12 22.30 
0.98267 11.75 9.44 9.28 0.96406 28.50 23.33 22.50 
0.98238 12.00 9.64 9.47 0.96375 28.75 23.55 22.69 
0.98208 12.25 9.84 9.67 0.96346 29.00 23.76 22.89 
0.98180 12.50 10.05 9.87 0.96316 29.25 23.97 23.09 
0.98150 12.75 10.25 10.07 0.96285 29.50 24.18 23.29 
0.98122 13.00 10.46 10.26 0.96255 29.75 24.39 23.48 
0.98094 13.25 10.66 10.46 0.96224 30.00 24.61 23.68 
0.98066 13.50 10.86 10.66 0.96193 30.25 24.82 23.88 
0.98037 13.75 LAO 10.85 0.96163 30.50 25.04 24.08 
0.98009 14.00 11.28 11.05 0.961382 30.75 25.25 24.27 
0.97980 14,25, 11.48 11.25 0.96100 31.00 25.46 24.47 
0.97953 14.50 11.68 11.44 0.96069 Ss2b 25.67 24.67 
0.97924 14.75 11.89 11.64 0.96036 31.50 25.89 24.86 
0.97897 15.00 12.09 11.84 0.96005 31.75 26.10 25.06 
0.97868 15.25 12.30 12.04 0.95972 32.00 26.32 25.26 
0.97841 15.50 12.50 12.23 0 95939 82.25 26.53 25.46 
0.97813 WS 75 12.71 12.43 0.95906 32.50. 26.75 25.64 
0.97786 16.00 12.92 12.63 0.95873 32.75" 26.96 25.84 
0.97758 16.25 1e.d2 12.83 0.95839 33.00 20.18 26.05 
0.977382 16.50 13.33 13.02 0.95306 3o.20. 27.39 26.25 
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Specific Alcohol Specific Alcohol 

Gravity Gravity 

20° C. Per Cent | Per Cent | Grams 20° C. Per Cent | Per Cent | Grams 

by Vol by Per —-— by Vol. by Per 
4° at 20° C.| Weight 100 ce. 4° at 20° C.| Weight 100 cc 

0.95771 33.50 27.61 26.44 0.92967 50.25 42.66 39.67 
0.95738 33.75 27.82 26.64 0.92918 50.50 42.90 39.86 
0.95703 34.00 28.04 26.84 0.92869 50.75 43.13 40.06 
0.95669 34.25 28.26 27.03 0.92818 51.00 43.37 40.26 
0.95634 34.50 28.48 27.23 0.92768 51.25 43.60 40.46 
0.95598 34.75 28.69 27.43 0.92719 51.50 43.84 40.65 
0.95563 35.00 28.91 27.63 0.92668 51.75 44.08 40.85 
0.95528 35.25 29.12 27.82 0.92617 52.00 44.31 41.05 
0.95492 35.50 29.34 28.02 0 92567 62.25 44.55 41.24 
0.95456 35.75 29.56 28.22 0.92516 52.50 44.79 41 44 
0.95419 36.00 29.78 28.42 0.92466 52.75 45.03 41.64 
0.95382 36.25 29.99 28.61 0.92414 53.00 45.27 41 .83 
0.95346 36.50 30.22 28.81 0.92363 53.25 45.51 42.02 
0.95308 36.75 30.43 29.01 0.92312 53.50 45.75 42.23 
0.95272 37.00 30.66 29.21 0.92261 53.75 45.98 42.43 
0.95234 37.25 30.87 29.40 0.92209 54.00 46.23 42.62 
0.95196 37.50 31.09 29.60 0.92157 54.25 46.46 42.82 
0.95158 37.75 31.31 29.80 0.92105 54.50 AG. 71 43.02 
0.95120 38 .00 31.53 29.99 0.92053 54.75 46.94 43.22 
0.95081 38.25 31.75 30.19 0.92000 55.00 47.19 43.42 
0.95043 38.50 31.97 30.39 0.91948 55), 20 47.43 43.61 
0.95003 88.75 32.19 30.59 0.91895 55.50 47.67 43.81 
0.94964 39.00 32.42 30:79 0.91842 59.75 47.91 ae 
0.94926 39.25 32.63 30.99. 0.91789 56.00 48.16 44,20 
0.94885 39.50 32.86 31.18 0.91736 56.25 48.40 44.40 
0.94845 39.75 33.08 31.38 0.91683 56.50 48.64 44.60 
0.94805 40.00 33.30 31.57 0.91629 56.75 48.89 44.80 
0.94765 40.25 33.52 81.77 0.91575 57.00 49.13 44.99 
0.94725 40.50 33.75 31.97 0.91521 57.25 49.38 45.19 
0.94684 40.75 33.97 By sas VG 0.91467 57.50 49.62 45.39 
0.94643 41.00 34.19 32.36 0.91414 57.75 49.87 45.59 
0.946)2 41.25 34.41 32,56 0.91359 58.00 50.11 45.78 
0.94560 41.50 34.64 32.76 0.91304 58.25 50.36 45,98 
0.94519 41.75 34.86 32.96 0.91250 58.50 50.60 46.17 
0.94477 42.00 35.09 33.15 0.91194 58.75 50.85 46.37 
0.94435 42.25 385.31 33.35 0.911388 59.00 51.10 46.57 
0.94393 42.50 35.54 33.55 0.91082 59.25 51 35 46.77 
0.94351 42.75 35.76 SO LO 0.91027 59.50 51.60 46.97 
0.94308 43.00 35.99 33.94 0.90971 59.75 51.84 47.16 
0.94265 43.25 36.21 34.14 0.90915 60.00 52.09 47.36 
0.94222 43.50 36.44 34.34 0.90859 60.25 ee are 
0.94179 43.75 36.66 84.53 0.90803 60.50 52.59 4 ue 
0.94135 44.00 36.89 34.73 0.90747 60.75 52.84 47. 5 
0.94091 44.25 37.12 34.93 0.90690 61 -00 53.09 48.15 
0.94046 44.50 37.35 35.138 0.90633 61.25 53.34 ne 
0.94002 44.75 37.57 S0no2 0.90577 61 90 53. 60 peer 
0.93957 45.00 37.80 385.52 0.90520 61.75 53.85 a Ls 
0.938912 45.25 38.03 385.72 0.90463 62.00 54. 10 hocwa 
0.93867 45.50 38.26 35.92 0.90406 62.25 54 35 an ; as 
0.93822 45.75 38.49 36. 11 0.903849 62 5 50 54. 60 He a 
0.93776 46.00 38.72 36.31 0.90290 62.75 54.86 ree 
0.93730 46.25 388.95 36.51 0.90233 63.00 55. 11 tones 
0.93684 46.50 39.18 36.7 0.90175 63.25 55.37 PaaE 
0.93638 46.75 39.41 36.90 0.90117 63.50 55.62 Ce 
0.93591 47.00 39.64 87.12 0.90059 63.75 55 ; es eae 
0.93545 47.25 39.87 37.30 0.90001 64. 00 56.1 eae 
0.93498 47.50 40.10 387.49 0.89942 64.25 56 39 en 
0.93451 47.75 40.33 37.69 0.89884 64.50 56.64 ee na 
0.93404 48.00 40.56 37.89 0.89825 64 75 a a or 
0.93356 48.25 40.79 38.09 0.89767 65.00 57 il at 
0.93308 | 48.50 | 41.03 | 38.29 CoM ce Fe nlm cee oy BL 2 
0.93260 48.75 41.26 38.48 0.89649 65.50 eee rs 
0.93213 49.00 41.49 38.68 0.89590 65.75 es 52.10 
0.93164 49.25 41.72 38.87 0.89531 66.00 eae aoe 
0.93116 49.50 41.96 39.07 0.89471 66.25 ee pate 
0.93066 49.75 42.19 39.27 0.89411 66.50 5 an ares 
0.93017 50.00 42.43 39.47 0.89351 66.75 58. 69 
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TABLE 191. 
Composition of Milk from Different Mammals. 


Nitrogenous 
Constituents 
Kind of Milk No. of | Water | Total Fat Sugar ; _ | Ash 
_|Samples Solids Casein |Albumin 

87.65 | 12.35 3.70 4.50 2.60 . 60 .70 

87.43 | 12.57 3.78 6.21 1.02 1.26 .30 

85.71 | 14.29 4.78 4.46 3.20 1.09 .76 

80.82 | 19.18 6.86 4.91 4.97 1.55 .89 

90.06 9.94 1.09 6.65 1.89 1.89 .31 

89.23 | 10.77 1.92 5.69 2.63 2205) .53 

2 ane Sy 90.12 9.88 Look 6.19 19 1.06 .47 

Revptian Buffalo. 82.84 | 17.76 7.96 4.86 4.16 4.16 Sie! 

Camel... : 87.13 | 12.87 2.87 5.39 Sere 3.87 .74 

Llama.. ave leie as 1 86.55 | 13.45 3.15 5.60 3.90 3.90 .80 

SWIG soko sors iene 9 84.04 | 15.96 4.55 3.13 ome 7.28) \wl 205 

DEDEA A eee ee cs aorie st ar 1 86.13 | 13.87 4.80 5.34 3.03 3.03 .70 

WREINGECE na, cts amie ac oho atte 62.00 | 38.00 | 23.64 2.50 | 10.44 | 10.44 | 1.42 

WS hoen eh ads eats eigen 2 65.88 | 34.12 | 19.73 2.61 | 10.35°| 10.35 | 1.43 

HSH Se) 6s) el dae eee ie a ay See 2 68.14 | 31.86 | 20.58 7.18 3.45 3.45 65 

PL ppPOpObamaus nr aaa ss mies che |ucee ser aie 90.43 9.57 EDI | "cen Not repjorted |...... 

Bitch sereske cick ce ees 46 77.00 | 23.00 9.26 Eee 5 5.57 91 

COT eee ir tee betes ani thal treeeer adage 82.10 | 17.90 3.33 4.91 3.12 5.96 58 

027 5) 0) | peers nee eee cE Re Deen It 69.50 | 30.50 | 10.45 1.95 | 15.54 | 15.54 | 2.56 

Dolphin tox Porpoise seer aites| eerie AS6fen| oll oon| Aon alee ems Not rep|orted .46 

Wises acon cat nirstas tiers wee omar aciee 70.18 | 29.82 | 19.40 | none 9.43 9.43 .99 
REFERENCES. 


1 Atomic Weight. 

- Report of International Committee on Atomic Weights, Journal Ameri- 
can Chemical Society 1925, page 600. 

Valency Smithsonian Physical Tables 1921, p. 110-111. 

Specific Gravity—Smithsonian Physical Tables 1921, p. 110-111. 

Atomic Heat—Smithsonian Physical Tables 1921, p. 226 

Specific Heat—Smithsonian Physical Tables 1921, p. 226. 

Atomic Heat—Smithsonian Physical Tables 1921, p. 226. 

Thermal Conductivity—Smithsonian Physical Tables 1921, p. 226, 


Linear Coefficient of Expansion—Smithsonian Phy Sieal: Tables 1921, p. 
218 and 219, 


Melting Point—Smithsonian Physical Tables 1921, p. 198. 
Boiling Point—Smithsonian Physical Tables 1921, p. 199. 
Van Nostrand’s Chemical Annual 1907. 

2 Richmond H. Droop. Dairy Chemistry 1899, p. 353. 

® Courtesy Taylor Instrument Co. Catal. Par. 1500-1600, Dp. 20: 


*Leland, Walter S. The Steam Engine, Technical World Magazine, Chi- 
cago, 1908, pp. 88 and 89. 


> Smithsonian Physical Tables 1921, p. 
® Smithsonian Physical Tables 1921, p. 
7Smithsonian Physical Tables 1921, p. 
8 Smithsonian Physical Tables 1921, p. 
* Smithsonian Physical Tables 1921, p. 9. 

10 Smithsonian Physical Tables 1921, p. 10. 
11 Smithsonian Physical Tables 1921, p. 11. 


12 Official and Tentative Methods of analysis of the Ass'n of Official Agr. 
Chemist. 


1% Courtesy the Pfaudler Co., Rochester, New York. ‘ 


aD DD 


ao 


Index of Proper Names 


A 


Adams, 14 

pees Public Health Assn., 526, 

Anderson, J. F., 526 

Arrhenius, S., 686 

Association of Official Agricultural 
Chemists, 526, 575, 577, 579, 582, 
rk 587, 634, 637, 649, 652, 661, 


Atkins, 677 
Atwater, W. O., 437 
iwi Sie Sy tales GVA, A 


B 


Babcock, |S. M., 33, 57 

Babcock & Wilcox Co., 726 

Baer, A. C., 448, 821 

Baier, 657 

Baker, H. A., 791 

Baker, J. C., 527, 681, 688, 696, 699 

Balton, E. R., 40 

Barber, 532 

Barnett, G. D., 507 

Barthel, C., 33, 39, 526, 677 

Bartoli, 450 

Beau, 33, 608 

Beckmann, 678 

Bellis, B., 606 

Berry, J. L., 503, 559 

Bierman, H. R., 599 

Biesterfeld, 44 

Bigelow, W. D., 41, 59, 60, 598, 687 

Bogod, M., 62, 704 

Bogue, R. H., 294 

Bordas, 605 

Borden, Gail, 706 

Bosworth, A. W., 16 

Bothell, F. H., 301 

Breed, R. S., 503, 505, 512, 520, 524. 
527 : 

Brew, J. D., 503, 520, 524 

Browne, C. A., 19, 26 

Byrant, A, By 437 

Buchanan, 531 

Bundy, F. M., 50 

Bunsen, 792 

Burr, 39 

Butterman, S., 580 


Cc 


California and Southwestern States 
Ice Cream Manufacturers Assn., 
822 

Cathcart Pern, O87, 

Cavanaugh, G., 759 

Chapman, H. S., 507 

Chesney, 532 

Clark, A. W., 667 

Clark, M. 'W., 503, 696, 697, 703 

Commission on Milk Standards, 524 

Committee on, 

Food and Drug Definitions 
Standards, 832 

Se Standards and Score Cards, 
82 

Standard Methods for the Bac- 
ee Examination of Milk, 
03 

Standard Methods of Bacteriologi- 
cal Analysis, 503 

Statistics of Milk and Cream, 850 

Technique of the Society of Amer- 
ican Bacteriologists, 525 

Congden, L. A., 653 

Conn, H. W., 503, 559 

Cook, A. A, 654 

Coolidge, L. H., 786 

Cromley, R. H., 297 

Cross, J. A., 148, 174, 179, 339, 346, 
361, 368, 440 

Cisiciomqnlen oi 

Cutler, T. H., 432; 452 


and 


D 


Dahle, C, D., 297, 437 
Dahlberg, A. O., 481, 620 
Dahlberg, A. C., 312 
Dearstyne, R. S., 511 
Dennis, L. M., 641 
Doan, F. J., 599, 704 
Donauer, M., 880 
Dotterer, W D., 503, 512 
DuBois, L., 667 
Dubrunfaut, 23, 305 
Duckwall, E. W., 500 
Duclaux, 526 


OSA | 


DA 


E 


Eckels, C. H., 566, 786 

Idi, ©), WEA GH 

Evenson, O. L., 44, 623, 624 
Emery, J. A., 636 

Epple, W. F., 643 


F 
Fincke, 652 
Fitzgerald, 41, 59, 60 
Fleischman, 57 
Frandsen, a, igi, G25 
Frohring, W. O. 56, 455, 456, 3532; 
535, 536, 557 
Frost, W. DEN 526 


G 


Garner, H. S., 620 
Gl, A. Ig, 76 
Gordon, P., 39 
Gottlieb, E., 37 
Govers, 41 
Grimmer, 677 
Grindley, H. S., 788 
Grinrod, 41 

Groth, P;, 301 


H 


Beals, If, Jal, SIE 

Fall 2s Sil 466, 668 

Hamilton, Dr., 738 

Hammer, B. W., 286, 450, 668 

Hanna, E. C., 460 

Harrison, 596 

Islaset, 18, 1, Sac, SHG, 743, Wh 757 

Hastings, E. G., 529 

Heckma, 623 

Heineman, 2, C7 

Heller, 298 

Henley, R. R., 636 

Hess, A. F., 884 

TRU TEL, Wc, al 

Hoffman, C., 529 

Hortvet, J., 678, 832 

Hubl, 647 

Hudson, C. S., Ss 305 

Hughes, 5, 1B. 

Hunziker, O. os ” 55. 596, 631, 706, 
708 


I 
International Committee on Atomic 


Weights, 888-891 


J 
Jackson, Da Dee5Z9 
Johnson, A. R., 286, 450, 671 
Johnson, W. T., 621 


INDEX OF PRropER NAMES 


K 


ieise, IR, lal. oe 
Kirchner, W., 

Klein, L. M., ee or 63, 298 
Kropat, K., 

Kuhn, 38 


L 


Wammpitts een lewO? 

Lang, 38 

Latzer, R. L., 759 

Leach, 40 

Leland, W. S., 730, 896, 897 

Liedel, H. J., DR. 174, 305, 585, 879, 
881 

Lubs, H. A., 507, 703 

Lythgoe, 657 


M 


Mack, E., 23, 305: 

Markley, A. L., 636 

Marshall, 15 

McCrudden, F. H., 701 
McCullum, E. V., 31 

McElroy, 598 

McGill, A., 447 

McInerney, T. J., 34, 53, 590, 749 
McMillan, 668 

Medalia, L. S., 508 

Mielicke Cy Wer Le 

Melliere, G. J., 

Mojonnier, J. i. en, 59, 60, 79, 314, 
437, 468, 739 

Mojonnier, o W., 747 

Mojonnier, T., 32, 41, 219, 314, 437, 
685, 739, 752, ue 

Morse, J. B., 


Mortensen, M ie 822 
N 
Neisser, 526 
Neuman, 657 
Pp 


Palmer, U.S. 786 

Patrick, Dr., 40, 636 
Pearson, R. A., 144, 347, 349 
Penfold, 532 

Peterson, R. W., 314 
Pfaudler, Co., 909 

Poole, 726 

Popesco, 636 

Popp, M., 38 > 
rexinee, Cli, 20 
Pozzi-Escot, 624 

Prucha, M. J., 528 


INDEX oF PropER NAMES 


R 
Rackowski, 605 
Ries shy Hers 6s08 746 
Richmond, H. D., 40, 57, 286, 677, 
905 
Robinson, R. H., 625 
Rochaix, 622 
Rogers, I. A., 757 
Rohrig, 38 


Rose, B., 37 
Rothenfusser, 603 
Ruehle, G. L. A., 528 
Rupp, 626 
Rasselll, Ho Jin33 

s 
Sale, J. W., 296 
Savini, 635 


Schreib, H., 37 

Schroeder, M. C., 528 

Sebelien, 29 

Shaw, 566 

Sherman, J. M., 503, 529, 559 

Skinner, W. W., 296 

Slack, F. H., 503, 559 

Smidt, 526 

Smithsonian Physical Tables, 888-891, 
898-904 

Snow, 730 

SoillandyeH a2 

Sommer, H. H., 748, 754, 757 

Sorber, D. G., 636 

Sorensen, se) 

Spitzer, G., 

Stocking, ae e15, 556, 677 

Stracciati, 450 

Supplee, G. C., 31, 606 


913 


ae 


Taylor, G. B., 844 

Taylor Instrument Co., 887 
Telling-Belle Vernon Co., 54, 466, 557 
Thevenen, 622, 625 

Thomas, H. N., 844 

Thomsen, 39 

Abitibi, SS, Gil 

Tonney, F. O., 528 

ere, IPL TEL, as, Sule! 

Traube, 25 

Travis, R. P., 308 

Troy, ep CRA 79 SIE O30 637, 


Vv 


Van Nostrand, 888 

Wane Slice Oelee ln Zl 3g3 = 2835556; 
681, 688, 696, 699 

Vintilesco, 636 


Ww 


Walker, W. O., 576 
Washburn, R. M., 
Wechsberg, 526 
Weibull, 38 

Weiss, 605 

Wells, H. L., 78 
Werner, P., 520, 559 
Whitaker, G. M., 794 
White, W. B., 13, 14, 591 
Wilcox, E. V., 493, 628 
Williams, O. E, 301 
Winton, A., 446, 645 
Woodman, A. G., 654 


Yd, 
Jokes. Val, 1, SiO 


448, 462, 822 
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A 


Abbe refractometer, 644 
Acetic (Valenta) index to fat, 635 
Acid, 
acetic, 6 
apparent, in milk, 33, 617 
boracic, test for, 626 
butyric, in fat, 15, 19 
caproic, in fat, 15, 19 
caprinic, in fat, 15, 19 
caprylice ime tat, 15.019 
carbonic, in milk, 14-15, 30 
citric in milk, 15, 32, 33, 606-608, 
784 
free, in fat, 634 
hydrochloric, tenth-normal, 6, 7, 
609-612 
insoluble, in fats, 20, 650-651 
lactic, in milk, 26, 27, 614, 617 
lauric, in fat, 19 
myristic, in fat, 19 
nitric, 6 
non-volatile, in fats, 20, 650-651 
oleic, in fat, 19 
oxalic, 6 
palmitic, in fat, 19 
phosphoric, 30, 31 
producing bacteria, 495 
rosolic, 6 
salicylic, test for, 627 
soluble, in fats, 20, 650 
solutions, tenth-normal, 609-614 
stearic, in fat, 19 
sulphuric, 6, 31 
tests of dairy products, 614-618 
volatile, in fats, 15, 646, 650 


Acid and gas producing bacteria, 
01 


Acidity and alkalinity in terms of 


hydrogen ion concentration, 
687-694 

Acidity, 
apparent, in milk, 33 


of various dairy products, 617 

of ice cream mix, 285, 455-457, 617 

of evaporated milk, 617, 787 

influence of, on solubility of 
metals, 881 

tests, 614-618 


Acidophilus cultures, 554 
Adam’s fat extraction method, 36, 
42-52 
Adulterations, 
calculated, for milk, 571 
determining in butter, 629-652 
Agar, 
standard beef extract, 505, 506 
preparation of, 508-511 
tests for, 654-656 
Aging ice cream mix, 455 
increase in acidity due to, 455-457 
overrun affected by, 456 
Air leaks in vacuum pan, 735 
Albumin, 15, 28, 29, 582, 684 
composition of, 29 
determination of, in milk, 582 
preparation of pure, 684 
uses of, 29 
Alcohol, 
amyl, 6 
ethyl, 6, 45, 46, 48-49 
functions of, in Mojonnier test, 46 
purity and quantity of, for Mo- 
jonnier test, 45-46 
table giving percentage in solu- 
tion, 906-908 
test of milk, 619 


Alkali, 
to neutralize 100 grams of dairy 
products, 617 
effect of, on casein, 22 
tenth-normal, 609-613 


Alkaline solutions, 612-613 


Alkaline and acid solutions in terms 
of hydrogen ion concentration, 
687-694 

Alkaline tablets, Farrington’s, 615 

Aluminum dishes, 66, 67, 79-81, 95, 
103-104, 122-124 

care of, 80 

cleaning, 81 

influence of temperature on 
weight of, 78-80 

testing for solids in, 122-131 

weighing, care in, 80, 104 
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Ammonia, 
reagent, 6 : ; 
function of, in Mojonnier test, 46 
in nitrogen determination, 578 
strength of in Mojonnier test, 45 


Analine orange, tests for, 628 


Analysis of, 
butter, 629-637 
casein, to determine quality, 580- 
582 


cheese, 637-641 

cream for fat, 111 

dairy products for thickeners, 653- 
657 


dairy products for lime, 583, 585, 
659 


dairy products, 561-705 

dairy products for sugar, 586-604 

fat for foreign fats, 641-652 

gelatin, 665-668 

gum arabic, 668-669 

gum tragacanth, 669-670 

milk for albumin, 582 

milk for ash, 583 

milk for fat, 95-120 

milk for solids, 122-131 

milk for acids, 614-618 

milk for casein, 575-579 

milk for citric acid, 606-609 

milk for lecithin, 605 

milk for nitrogen, 577-583 

milk for preservatives, 624-627 

milk for skimming and watering 
571-573 

milk Seca 579, 652 

salt, 658-660 

vanilla extract, 661-663 

vanilla resins, 664-665 


Apparatus for, 

casein coagulation, 682 

cheese moisture test, 639 

freezing point determination, 679 

hydrogen ion determination, 696 

making bacteria counts, plate 
method, 503 

making bacteria counts, Breed 
method, 520 

Pee nitrogen determinations, 


melting point determinations, 642 

propagating pure cultures, 538 

Polenske number determinations, 
651 

salt test, 630, 632 

specific heat determinations, 672 


Argonin, 22 
Asbestos, fiber, 7 


Ash 
composition in milk, 29-30 
control of, in casein, 684 
determination for butter, 629 
determination for cheese, 638 
determination for casein, 638 
determination for milk, 583 
preparation from skim-milk, 685 


B 


Babcock, 
formulas for computing milk 
solids, 58, 569 
test, 14, 36, 42, 52-57 


Babcock test, composition of fat in, 


Bacteria, 

Bacillus Bulgaricus, 492, 531, 540 

acid producing, 495 

acid and gas producers, 501 

Bacillus Acidophilus, 554 

Bacillus Lacticus, 496, 531, 540 

Breed microscopic count of, in 
milk, 520-525 

city standards for, in milk and 
cream, 853-854 

colony count of, Petri plate 
method, 505-520 

commercial application of, 530 

detection of specific, in milk, 529 

in milk, 490-502 

in milk, illustrated, 491 

in ice cream mix from Mojonnier 
vacuum pan, 315 

Media for growing, 505 

Reductase test for, 526 

pathogenic, in milk, 493 

state standards for, content in 
milk and cream, 844 

standard methods for, counts, 515 

strains for commercial uses, 530 

types found in milk, 490-503 

Bacillus Lacticus, 496, 531, 540 


Bao Bulgaricus, 531, 540, 549, 
4 


Bacillus Acidophilus, 554 


Bacteriological counts, 

apparatus for making, 503, 520 

collecting samples for, 503-505 

composition of media for, 505 

hydrogen ion concentration of 
media for, 506-507 

incubation temperatures for, 519 

macroscopic colony, Petri plate 
method, 505-520 

sere Breed method, 520- 
2 
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plating technique, 517 
Cees of media for, 508-511, 
2 


reports of, 514 

sources of errors in, 513 

standard methods for, 515-520 

verification and research methods 
for, 528 


Bacteriological 
tures, 


cultures, see cul- 


Balance, 
analytical, 75 
care and use of, 74-79 
chainomatic, 76-78 
oscillations of, 78 
specific gravity, chainomatic, 561- 


weights for, 76 
Westphal, specific gravity, 563-564 


Baume hydrometer, 178, 181, 565, 
567 


Bicarbonate of soda for treating 
evaporated milk, 762, 769, 771 


Boiling point, 
of water at different vacua, 706- 
relation of vacua and rate of 
evaporation to, 707 
Boracic acid, test for, 626 
Bottle, 
composite sample, 82 
specific gravity, 562 


Breed bacteria count method, 520- 
525 


Brine temperature and pressure for 
freezing ice cream, 462 


British Thermal Units (heat), 
available in ice cream, 285 
available in steam at various tem- 

peratures and pressures, 730 
definition of, 671 
to evaporate water in open air, 
06 


to evaporate water in vacua, 706- 
0 


to freeze ice cream mix, 449-452 

to melt ice cream, 287 

to condense steam in vacuum pan, 
718 

to forewarm and condense milk, 
721-724 


Burettes, automatic for Mojonnier 
test, 68 
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Butter, 
analysis, 629-637 
ash in, 629 
computing, for ice cream mix, 


327-331, 339-343, 368-414, 435 
distinguished, from renovated 
butter and oleomargarine, 635 
detecting adulterations in, 629-652 
determining casein, chlorine, and 

ash in, 629 
ether extract (fat) in butter, 629 
fat tests of, 112, 629 
fat, heat of combustion of, 286 
foam test of, 636 
making by use of culture, 557 
manufacturer’s flow sheet, 872 
moisture test, 629 
salt test, 630, 634 
sampling, 90, 629 
score card, 812 
solids test, 629 
temperatures to churn and _ hold, 


triers, 83 

Vega’s test, 635 

Waterhouse test for foreign fats 
in butter, 636 


Butterfat, 

acidity of, 634 

analysis of, 629-637 

chemical constants of, 643 

composition, 15, 19 

determining the iodine number of, 
647 

determining the 
of, 650 

determining the insoluble volatile 
acids of, 650-652 

free fatty acids of, 634 

determining the Polenske 
ber, 650-652 

determining the rancidity of, 637 

Halpen’s test for cottonseed oil 
in, 634 

lecithin in, 30 

melting point of, 19 

refractive index of, 643, 645 

Kreis rancidity test, 637 

Reichert-Meiss] number of, 646 

specific gravity of, 19 

specific heat of, 675-676 

triacetin detection in, 652 


insoluble acids 


num- 


Butter boat, 
illustration of, 99 
directions for weighing in, 99 


918 INDEx OF SUBJECTS 


Buttermilk, 
acidity of, 553, 617 . 
apparatus for propagating cul- 
tures for, 538-545 
calcium oxide in, 585 
condensed, 443, 740 
cultures for making, 550-554 
fat tests for, 108, 109 
flow sheet for, 876 
machines for making, 551-553 
sampling, 91 
score card for, 815 
temperature to heat and hold, 877 
total solids tests for, 126 
Buttermilk (Condensed), 
condensing in vacuum pan, 443, 


fat test for, 109 
relation specific gravity, tempera- 
ture and composition in, 443 
Buttermilk (Culture), 
Acidophilus culture, 554 
ae for propagating, 538- 
4 


application of in manufacturing, 
550 


Bacillus Lacticus, 530-532 
Bulgaricus culture, 531, 540 
directions for making, 550-554 
manufacturer’s flow sheet, 876 
preventing wheying-off in, 554 
quantity to use, 550 
temperature to hold, 877 
temperature of inoculation, 877 
temperature of incubation, 877 
Butyrin, 15, 19 
Butyro-refractometer, 644 


C 
Calcium, 
balance with citrates in milk, 755 
content of dairy products, 585 
determination of dairy products, 
583, 657 
determination of, in salt, 659 
effect of varying amounts of, on 
milk coagulation, 754 
Calcium chloride for Mojonnier 
cooling ovens, 106 
Calcium citrate in milk, 755 
in evaporated milk, 783-786 
Calcium citrate crystals, 784 
Calories, 
definition of, 286, 671 
in ice cream, 286, 289 
in steam, 730 
produced by different fuels, 726 
required to exaporate one pound 
of water from milk, 706 


Cane sugar, see sucrose, 

Capacity, 
of vacuum pans, 711 
of cylindrical tanks, 909 

Caprinin, 15 19 

Caproin, 15, 19 

Caprylin, 15, 19 

Caramel, lis 
composition of, for use in ice 


cream, 298 
test for, 628 
Cards, score, see score cards, 
Carotin, 786 
Casein, 
as a food, 22 
coagulating apparatus, 682 
composition of, 21 
condition of, in milk, 21 
determination of, in milk, 575-579 
determination of, in milk choco- 
lates 579 
determining quality of, 580-582 
flow sheet of, manufacture, 876 
Hart casein test for, 576 
in milk, 20 
making pure, 681 
precipitation of, 21-22, 683 
separation of, 21 
strength test of, 581-582 
uses of, 22 
Walker test for, 576 
Certified milk, score card, 806 
Cheese, 


acid test for, 639 

analysis of, 637-641 

ash in, 638 

calcium oxide in, 585 

color of, 817 

distribution of water in, 91 

definition of and standards for, 

all kinds, 835-837 

fat test for, 112, 638 

flow sheet of, manufacture, 875 

moisture in, 91, 637, 639-640 

salt test for, 640 

sampling, 91 

score card for, 816-820 

solids test for, 129, 637-639 

temperature to cure and hold, 878 

trier, 83 

use of culture in making, 555-557 
Chemical constants of the elements, 

888-891 


Chemical properties, 


of ice cream mixes, 283-311 
On taaible, IhZoas 
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eelerce in milk, determination of, 
60 


Chloramines and hypochlorites in 
milk and cream, 626 

Chocolate, 
composition of, 443-445 
milk, determining casein in, 579 
milk, estimation of fat in, 112, 652 
sampling, 93 

Citric acid, 
balance with calcium in milk, 755 
crystals, 32 
determination of, in milk, 606 
determination of, in milk powder, 

07 


determination of, in 
condensed milk, 607 

in evaporated milk, 754 

separation of, 685 


City regulations for 
cream, 850-870 


Clark and Lubs’ indicator table, 704 


Coagulation, point of, in evaporated 
milk, 747-759 


Coal, relation to steam production, 
Wa 
Cocoa, 
composition of, 443-446 
fat test for, 112 
nibs, 443-445 
sampling, 94 
shells, 443-445 
solids test for, 129 
Cocoa products, definitions of, 839 
Cocoa syrup, composition of, 298 
Cocoanut oil, constants of, 643 
Coffee, effect of, on evaporated 
milk, 789-791 
Color, 
of fresh milk, 10, 786 
of evaporated milk, 766, 786-791 
tests for, 628, 766 
Colorimetric hydrogen 
mination, 699-703 
Colorimetric milk sugar determina- 
tion, 599-603 
Color test for remade milk, 623 


Composite samples, 
bath for, 87 
bottles for, 82 
care of, 86 
definition of, 85 
for standardizing 

milk, 166 


sweetened 


milk and 


ion deter- 


evaporated 
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for standardizing sweetened con- 
densed milk, 233 

for various dairy products, 133 

frequency of testing, 86 

instruments for taking, 83 

of cream, 87 

preparing for testing, 87 

preservatives for, 86 

water heater for, 87 

Composite test liquid, 86 
Composition of, 

cocoa, cocoa nibs, and 
shells, 444-446, 839-840 

dairy products as regulated by 
states, 844-850 

fruits and flavors for ice cream, 
298-299 

ice cream mixes, 283-436 

ice cream mixes, suggested, 284 

ice cream as affecting overrun, 
452-454 

ice cream as related to defects, 
300-312 

milk, 12-13, 34, 910 

milk ash, 29 

milk from different 
910 


cocoa 


mammals, 


mineral matter in milk, 29 

skim-milk, il 

whey, 11 

milk chocolate, 433-445, 652 

miscellaneous milk products, 11 

poe used in ice cream, 298- 
2 


Condenser for, 


nitrogen determination, 578 
volatile fatty acids determination, 


Polenske number determination, 


651 
709-710 


vacuum pan, 
Condensed milk, 
see sweetened condensed milk _ 
see tnsweetened condensed milk 
Constants for, 
evaporated milk, 167 
fats, 643 
the chemical elements, 888-891 
sweetened condensed milk, 232 
Corn oil, constants of, 643 


Controller, 
Mojonnier culture, 538-541 
Mojonnier evaporated milk, 747 
operation of Mojonnier evapor- 
ated mill controller, 762-771 


Coolers, for sweetened condensed 
milk, 246, 248-249 


220 


Cottonseed oil, 

constants for, 643 

Halpen’s test for, 634 

Coumarin, estimation in vanilla, 662 


Counting bacteria, 519-525 

in grading milk, 523 

Cream, 

acid test for, 614-617 

bacteria in, 854 

composition of, 134-141 

composite samples, 87 

city regulations on, 850-870 

definition of, 834 

haetests corel lal 

flow sheet of manufacture, 872 

key to formulas for standardiz- 
ing, 153 

powder, score card for, 831 

problems in standardizing, 154- 
162 

sampling, 85 

score card, 810-812 

specific heat of, 673-675 

standardizing of, 144-161 

standardizing by Pearson’s meth- 
od, 146 

standardizing by Cross’ method, 
148-151 

standardizing by Eri’s method, 
152 


state standards for fat in, 845-850 

state standards for bacteria in, 
844-850, 854 

sucrate of lime in, 656 

table giving composition of, 136- 
141 


test for fat, 111 

test for remade, 623 

test for gelatin in, 627, 653-654 

test for total solids in, 128 

weight of, per gallon, 288, 289, 
318, 330 


Cryoscope, Hortvet’s, 679 


Cultures, 

amount to use making butter- 
milk, 546 

application of, 530, 550-559 

apparatus for propagating pure, 


Bacillus Acidophilus, 554 
Baci'lus Bulgaricus type, 531, 540 
Bacillus Lacticus, 531 

bacteria recommended for, 530 
effect of temperature on, 536-538 
factors relating to growth of, 531 
for milk products, 530 

for making buttermilk, 550 

for use in cheesemaking, 555-556 
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for making butter, 557 

jars for incubating, 544 

machines for making buttermilk, 
Soil, bs, Sos 

media for, 541 

Mojonnier Controller for incu- 
bating, 539-541 

pipettes, 545, 546 

preparation of media for, 542 

quantity of, in media, 546 

relation of acidity to age of, 532 

score card for, 814 : 

sterilizer to use in making, 541 


Culture Controller, Mojonnier, 539- 
541 


Cylinder, hydrometer, 181 
Cylindrical tanks, capacity of, 909 


D 


Dairy farm regulations, 855-870 
Dairy laboratory, 1-9 
equipment for, 4-7 
location of, 1 
plan of, 7-8 
Dairy products, 
acid test of, 614-618 
analysis of, 561-705 
acidity of various, 617 
alkali required to neutralize 100 
grams of various, 617-618 
citric acid content of, 15, 32, 33, 
606, 685, 783-784 
citric acid determination of, 606- 
608, 685° 783-785 
composition of, 11 
cone sneiie dairy products, 706- 


gums and their detection in, 653 

history of fat and solids tests of, 

laboratory for testing, 1-8 

Microscopical examination of, 
489, 520-525 

miscellaneous information re- 
garding, 871-886 

principles of fat and solids tests, 
BOGS 

sampling, 82-93 

score cards for, 795-801 

state and territorial standards for, 
846-848 

standardization of, 132-447 

specific heat of, 670-677 

testing, 95-131 

Definition of, 

buttermilk, 838 

cacao products, 839 

cheese, 835-837 

condensed milk, 833 
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condensed skim-milk, 833 

cream, 834 

flavoring extracts, 840-844 

glucose products, 839 

honey, 839 

milk, 832 

sugars and sugar products, 838 

sweetened condensed milk, 833 

various milk products, 832-837 
Depression test, for gelatin, 668 
Detection of, 

adulterations, 

653-659 

gums, 653-656 

preservatives, 622-629 

Saree in evaporated milk, 


thickeners, 653-659 
Determination of, 

acidity of cheese, 617-618, 639 

acidity of milk, 617- 618, 639 

ee of milk, le 573, 622- 


971-572, 622-629, 


albumin in milk, 582 

ash in milk, 583 

ash in cheese, 638 

casein in milk, 575-579 

citric acid in milk, 606, 685 

fat in dairy products, 108-121 

fat in cheese, 112, 638 

ye acids in fat, 634, 646, 650- 
Z, 


foreign fat in milk fat, 641-652 
freezing point of milk, 677-681 
byeeee ion concentration, 686- 


lecithin in milk, 605 

lime in dairy products, 583-585, 
657 

melting point of fat, 641 

milk fat in milk chocolate, 
652 

moisture in butter, 629 

moisture in cheese, 637, 639 

nitrogen in milk, 577-579 

phosphorus in milk, 586 

preservatives in milk, 624-627 

quality of casein, 580-582 

salt in butter, 630-634 

salt in cheese, 640 

sediment in milk, 618-619 

specific gravity of dairy products, 
Doleo7 2 

solids in dairy products, 122-131 

specific heat of dairy products, 
670-677 

sugar in dairy products, 587-603 

viscosity of dairy products, 573- 
Sis 


TZ 


OZ 


Dextrose, sweetening power of, 297 
Directions, 
for making fat test on Mojonnier 
Tester, 95-121 
for making solids tests on Mo- 
jonnier tester, 122-131 
Dishes, for Mojonnier test, 
80, 103-104, 122-123 
care of, 80-81 
influence of 
weight of, 79 
weighing, 79-80, 122, 125 
weight of, 79 
Drip sample, 85 


66-67, 


temperature on 


E 


Eggs in ice cream mix, 297 
Elements, constants of, 888-891 
Entrainment losses in vacuum pan, 


Equipment for, 
bacteriological counts, 503 
culture buttermilk, 539, 551-553 
evaporated milk, 458-459, 687, 691, 
742-745 
ice cream, 64-66, 320-322, 458-460, 
471 


laboratory, 5-7 
sweetened condensed milk, 246, 
248-249, 709, 713-714 
Eucasein, 22 
Ether, ethyl, 
function of in Mojonnier test, 47 
purity of, 
Ether, petroleum, 
function of, in Mojonnier 
47 
purity of, 46 
Evaporated milk, 
acidity, 617, 787 
alkali required to neutralize, 617 
action of, on tin and iron, 884 
adding sodium bicarbonate to, 
762, 769, 771 
Baume readings of, 179 
calcium citrate, effect on quality 
of, 783-786 
calcium oxide in, 585 
changing temperature when mak- 


ing, 770 
citric acid in, 755, 784 
coagulating point of, 747-759 
composite ‘samples of, 166 
constants for, 167 
controller, Mojonnier, 747 
controller, Mojonnier, application 

Ome Olew 
cooling, 181 


test, 
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definition and standards for, 833 
effect of sterilizing on nitrogen- 
ous constituents of, 776 ; 
effect of acidity on coagulating 

point of, 748-750 
fat in, by different tests, 42 
factors influencing color of, 786 
factors in failure of, to react to 
sodium bicarbonate, 771-773 
factors influencing heat coagula- 
tion of, 748-759 
factors influencing quality of, 783 
a uest, LOY) 
feathering or curdling, by coffee, 
789 


finishing the batch of, 732 

gases in, cans, 791 

influence of concentration on 
coagulating point of, 756 

influence of freezing tempera- 
tures on, 788 

influence of mineral content and 
added salts on coagulating 
point of, 752-756 

influence of products of bacteria 
on coagulating point of, 757 

influence of forewarming method 
on coagulating point of, 758 

laboratory report for, 170 

obtaining weight of 
batehwoti., 17Z 

pounds in one gallon of, 318 

relation between specific gravity 
and temperature in evaporated 
milk, 174-179 

report blank for 
data, 171 

relation specific gravity, composi- 
tion and temperature on coagu- 
lating point of, 174-179, 788 

sampling, 89 

sample cans of, for the sterilizer, 
763 

score card for, 824-826 

spoilage of, 782 

standardizing, 164-221 

standardizing before condensing, 
168-169, 203-221 


finished 


standardizing 


standardizing after condensing, 
221-230, 762 
standardization tables, 184-201 


steam distribution in sterilizing, 
760 

sterilizing equipment for, 741 

sterilization, physical and chem- 
ical control of, 741-792 

ee sample cans of, 762- 


striking the batch of, 732 
superheating the batch of, 732 
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temperature to heat and hold, 877 

testing, for color, 766 

titratable acidity of, 617, 756 

variations in coagulating point of, 
774 

viscosity of, 777-782, 789-791 


Evaporation, rate of, in vacuum 
pan, 708 
Extracts, flavoring, 
definition of and standards for, 


840-844 
analysis of, 661-665 


F 


Factors of safety in standardizing, 
203, 260 

Farm inspection score cards, 800) 

Farm scoring regulations, 855-862 


Farrington’s alkaline tablet acid 
test, 615 
Fat, (milk) 
accuracy of tests for, 51-61 
arenas sui, UGy, IIe 
analysis of, 641 
chemical constants of, 643 
colon om Le 9 
composition of, 15, 19, 641 
detecting foreign fats in, 634-636, 
642-652 
detecting foreign fats in butter, 
634-636 
determining iodine number of, 
determining melting point of, 


determining free acids in, 634 


determining insoluble volatile 
acids in, 650 
determining volatile fatty acids 


in, 646 
defects in ice cream due to, 300 
estimation of, in milk chocolate, 


extracting, 95-102 

function of, in ice cream, 292 
globules, illustrated, 18 
glycerine, 19, 20 

in various dairy products, 11 
homogenized, 18, 459 
homogenizers, 458, 459 

Kreis test of, 637 

ea eat examination of, 1&8 


melting point of, 19, 641 
Polenske number of, 651 
percentages obtained by different 
methods of testing, 42, 52-57 
Reichert-Meissl number of, 646 
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saponification number, 649 
specific heat of, 675-676 
specific gravity of, 19 
standards, 846-848, 852 

test for butter, 112 

test for cheese, 112 

test) for ‘cocoa, VIZ 

test for condensed milk, 110 
teSt MORecneanm lll 

test for ice cream, 111 


test for malted milk and milk 
chocolate, 112 

test for milk powders, 113 

tests for skim-milk, whey, and 


buttermilk, 108 
tests for whole milk, 108 
Valenta index of, 635 
variations in milk, 12 
Fat constants, 643 
Federal standards, 151, 832 


Figures (illustrations), see list on 
page XVII 
' Flavors in ice cream, 298, 299 
Flasks, Mojonnier, 66, 95, 98 
weighing, 98 
hanger for, 98 
Flow sheets for making, 
dairy products, 871-876 
butter, 872 
casein, 876 
cheddar cheese, 875 
condensed milk, 873 
cream, 872 
culture buttermilk, 876 
evaporated milk, 873 
general, of milk, 871 
ice cream, 874 
milk chocolate, 876 
milk powder, 875 
milk sugar, 876 


Forewarming, 721-724, 727, 738, 758 


Formaldehyde, 86 624-625 
Hener’s test for, 624 
Thevenon test for, 625 
quantitative determination of, 625 
Formulas for calculating solids in 
milk, 58-59, 569 
Formulas for standardizing milk 
and cream 
Formula 1. pounds of milk to 
separate, 155 
Formula 2. for 
and solids, 156 
Formula 3. for raising fat, 159 
Formu'a 4. for fat, 161 
Formula 5. for solids, 162 
Formulas for standardizing evapor- 
ated milk, 


lowering fat 


O26 


Formula 6. for lowering fat, 
204 

Formula 7. for raising fat, 206 

Formula 8. for raising fat, 207 

Formula 9. for determining fat 
and solids in a mixed batch, 213 


Formula 10. for lowering fat, 
2 


Formula 11. for 
and solids, 216 

Formula 12. for 
21 


lowering fat 
lowering fat, 


Formula 13. for lowering S. N. 


F., 220 
Formula 14. for raising S. N. 
1 es, BED 


Formula 15. for using 

and condensed milk, 227 
Formulas for standardizing sweet- 

ened condensed milk, 

Formula 16. using whole milk 
and skim-milk, 261 

Formula 17. using cream, 263 

Formula 18. using cream, 266 

Formula 19. using cream, 268 

Formula 20. using sweetened 
condensed skim-milk, 272 

Formula 21. using unsweetened 
condensed skim-milk, 274 

Formula 22. using unsweetened 
condensed whole milk, 277, 278 

Formula 23. for amount of sug- 
ar to use, 280 

Formulas for standardizing ice 

cream mixes, 

calculation of, 416 

Formula 24. for making a defin- 
ite weight in the vacuum pan, 
328 


cream 


Formula 25. for making an in- 
definite weight in the vacuum 
pan, 331 

Formula 26. for low fat 
inegedat (Sy, INL 18 OS) 

Hormula 2/7. tom tat and 9S: IN: 
F. high but fat in higher ratio, 
336 

PormularconmiOGetatmand soasuN: 
F. under standard, 340 

Formu'a 29. for both fat and 
S. N. F. under standard, 344 

Formula 29a. fat high and M. S. 
N. F. low or both high but fat 
in higher ratio, 355, 356 

Formula 30. for fat and M. S. 
Nee toon high bute tat in 
higher ratio, 357 

Formula 31. for fat and M. S. 
N. F. too high but in proper 
ratio, 359 


and 


924 


Formula 32. f 0 r calculating 
sweetened condensed  skim- 
milk to use in ice cream mix, 


363 


Freezer, ice cream, F 
amount of mix to draw into, 461 
brine temperature and pressure 

in, 462 
speed of, 463 
type of, 461 

Freezing point, 

detection of water added to milk 
by the, 678 

determination by Hortvet’s cryo- 
scope, 679 

effect of sugar on, 286 

of ice cream mixes, 286-289 

Hortvet cryoscope, illustrated, 
679 

of milk, 677 

Fruits in ice cream mixes, 298-299 

Fuchsin, 7 

Fuel required to operate a vacuum 

pan, 725 
Fungi, types found in milk, 502 


G 


Galactase, 33 
Galalith, 22 
Gas, 
relation of, consumption to steam 
production, 726 
Gases, 
in evaporated milk, 791 
in milk, 14-15 
solubility of carbon dioxide in 
water, 792 
Gauge, Green’s, showing weight of 
milk in tanks, 172-173 
Gelatin, 
analysis of, 665-668 
condition of, 292 
defects in ice cream due to, 310 
depression test for, Hall’s, 668 
function of in ice cream, 292-294 
grading and testing, 666 
jelly value of, 667 
Mojonnier viscosity test for, 666 
properties of a good, 297, 666 
relation of, to food value, 294 
relation of, to incorporation of 
air, 293, 294, 666 
relation of, to overrun, 467 
relation of, to)smoothness in ice 
cream, 292 
relation of to viscosity, 293 
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tests for in milk and cream, 627 
variation in quality of, 295 
viscosity of water solutions of, 
293-295 
Glass, heat transmission of, 885 
Globules, fat, 
homogenized, 18 
illustrations of, 18 
in ice cream, 18 
in milk, 15, 17-18 
size of in milk, 17 
Globulin, 32 
Glucose, definition and composition 
of, 839 
Glycerine, 7 
Gums, detection and estimation in 
dairy products, 653 
Gum arabic, analysis of, 668-669 
Gum tragacanth, analysis of, 669- 
670 
H 
Halpen’s test for cottonseed oil, 
634 
Heat of combustion of, 
ice cream, 275, 286, 289 
milk fat, 286 
protein, 286 
sugar, 286 
various fuels, 726 
Heat conductivity of metals, alloys 
and glass, 885 
Heat Units, British Thermal, 
available ih ice cream, 285 
available in steam at various 
temperatures and pressures, 730 
definition of, 671 
to evaporate water in open air, 
706-707 
to evaporate water in vacuo, 706- 
707 : 
to melt ice cream, 287 
to freeze ice cream mix, 450 
Se ts one pound of water, 
0 
to condense one pound of steam 
in vacuum pan, 718 
to forewarm and condense milk, 
VANE 124 
Heated milk, tests for, 622-623 
Hener’s test for formaldehyde, 624 
History of milk fat test, 35-44 


Homogenization of ice cream mix, 
459 


Homogenized fat globules, 18 
Homogenizers, 459, 460 
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Honey, definition of, 839 
Hood, for laboratory, 3 
Hortvet’s cryoscope, 679 
Hot well, 
forewarming and heating in, 721- 
1, VEN, UB GSS 
types of, 721 
Human milk, composition of, 910 
Hydrochloric acid, 7 
tenth-normal, 609, 612 
Hydrometers, 
Baume, 181, 565, 567 
eS York Board of Health, 565, 
Quevenne, 565, 567 
specific gravity, 567 
Twaddell, 567 
Hydrometer cylinder, 181 
Bye ion concentration, 686- 
03 


buffer effects on, 694 

colorimetric method of determin- 
ing, 699-703 

explanation of, 686-694 

indicator table for, 703 

of media for growing bacteria, 
506-507 

relation of, to titration values, 
690-691 

titrations of protein solutions, 


695-699 
Hypochlorites in milk, test for, 626 


I 
Ice cream, 
acidity of, 617 
available heat of combustion in, 
286, 289 
batch mixers, 320-322 
calcium oxide in, 585 
causes of sandiness in, 300-310 
cost report, 319 
compounding tables, 415-431 
defects due to composition, 300- 


defects due to fat, 300 

defects due to gelatin, 310 

defects due to solids not fat, 300 

defects due fo sugar, 309 

defects due to water, 310-311 

factors influencing overrun in, 
452-467 

fat globules in, 18 

fat globules in, homogenized, 18 

fat test for, 111 

flow sheet of manufacture of, 874 

freezer, 461 

freezing point of, 286, 289 


fruits in, 298-299, 480 

general facts regarding overrun 
in, 448 

heat units required to melt, 287 

holding tank, 321 

holding temperatures, 877 

improvers, 300 

latent heat of, 287 

ee overrun tester for, 468- 
4 

normal heat of, 287 

nutritive ratios of, 287, 289 

overrun in, 448-480 

percentages of overrun, 285, 289 

percentage of frozen crystals, 312 

phases in freezing, 449-452 

prevention of sandiness in, 301- 


proportion of water frozen in, 
311 


sandiness in, 301-312 

sampling, 89, 317 

score card for, 820-822 

solids test for, 128 

specific gravity of, 289 

specific heat of, 286, 289 

standardizing, 317 

testing, 111, 128, 317 

weight of a gallon of, 285, 289, 
318 


Ice cream mixes, 


acidity of, 457, 617 

acidity of, as affecting overrun, 
457 

aging of, as affecting overrun, 
456 


amount of, to draw into freezer, 


available heat of combustion of, 
285, 289 

bacteria in, prepared in vacuum 
pan, 314 

calcium oxide in, 585 

calculating butter to use in, 327- 
331, 339-343, 368-414 

calculating cream to use in, 332- 
338, 343-353 

calculating condensed milk to use 
in, 343-353 

calculating sweetened condensed 
milk, for 361-368 

causes of variations in composi- 
tion of, 283 

composition of, as affecting over- 
run, 452-457 

composition of products in, 324 

composition ratios of, 284 

composition. and standardization 
of, 283-437 

eggs as filler in, 297 
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twelve tables of, nine composi- 
tions in each, 419-431 

freezer, type of, 461 

freezing point of, 286, 289 

fruits in, 298, 480 

function of fat in, 292 

function of gelatin in, 292-294 

function of solids not fat in, 292 

function of sugar in, 292 

importance of pasteurization for, 


improvers in, 297 

influence of age on viscosity of, 
284 

influence of gelatin on viscosity 
of, 284 

influence of solids not fat on 
viscosity of, 284-288 

influence of temperature on vis- 
cosity of, 284, 288 
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percentage composition of, 296- 


relative sweetness of, 296-297 
table, 595 


J 


Jelly powder of gelatin, 666-667 
Jelly tester, Hall’s, 668 


K 


Keys to formulas, 

for cream standardization, 153- 
154 

for evaporated milk standardiza- 
tion, 202-203 

for ice cream mix standardiza- 
tion, 323-324, 361-362 

for sweetened condensed milk 


standardization, 259-260 


pees eet ee i Sy POE for milk standardization, 153-154 

vacuum pan, 315 Kjeldahl—Gunning method for de- 
methods for compounding, 314, termining nitrogen, 577 

BY, SAB Kjeldahl—Gunning apparatus illus- 
Mojonnier vacuum pan method trated, 578 

for preparing, 314-316 Koettstorfer number of fat, 649 


nutritive ratios of, 287, 289 
raw materials in, 283 
serum solids method of stand- L 

ardizing, 432-436 
specific gravity of, 285, 288, 316 Laboratory, dairy plant, 1-9 


Kreis test for rancidity of fats, 637 


specific heat of, 286, 289 apparatus and chemicals for, 4, 7 
starch as filler in, 297 general plans for 7-9 
steps involved in standardizing, lighting for, 3 

SDL OH _tables and desks for, 2 
tables for compounding, 415-431 ventilation and temperature of, 2 
testing, 111, 317, 318, 376 Lactic acid, 21, 22, 26, 27, 32, 617 
thirteen compositions of, 284 787 is a, ee j 


titratable acidity of, 285, 287, 617 ; ; ; : 
various compositions of, 419-431 SCO MA AOD 


viscosity of, 284, 288, 487 Peotone omnes (2) 
vitamines in, 292 Lactoform, 22 
weight, per U.S. gallon, of, 285, Lactometers, 
318 coplicsiee of, 57-59, 564-570 
Illustrations, sée compl i ormulas for use with readin tte 
oo plete list on 58-59, 569 ee 
illustrations of, 565, 567 


Incubation, ene Board of Health, 564- 


period of, for bacteria counts, 512 
temperature of, for bacteria 
counts, 519 
of culture, 546 Lactose, see milk sugar, 
A, table, Clark and Lubs, Lacto-somatose, 22 
Laurin, 15, 19 
pete on of milk, score cards for, Lard, chemical constants of, 643 
oU/ Lecithin, 15, 31° 


Hee sugar, decomposition of, in butter, 31 
determining, 592 determination of, in milk, 605 


Quevenne lactometer, 57-59, 564- 
570 
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Levulose, sweetening power _ of, 
2 


pee dairy products, 583, 585, 


determination of, 583-584 
gee ce cheese, score card, 819- 


pate tintometer, illustration of, 
66 


M 
Macroscopic colony count, 505-520 
Malted milk, 
composition of, 446 
condensing in vacuum pan, 740 
fat tests for, 112 
sampling, 93 
solids tests for, 129 
Maltose, sweetening power of, 297 
Mammals, composition of milk of 
different, 910 
Mann’s acid test, 615 
McKay sampler, illustrated, 83 
Measures, tables for conversion of, 
-904 
Media for growing bacteria, 505 
hydrogen ion concentration of, 
506 


preparation and sterilization of, 
508 


Melting point, 
apparatus illustrated, 642 
of milk fat, 19 
of chemical elements, 888-891 
determination of fat, 641 


Metals, 
action of milk on, 878 
parts per million to impart taste 
to water, 878-879 
relation of, dissolved to taste, 882 
solubility of, in milk, 880 
solubility of as affected by milk 
acids, 881 
transmission of heat of, 885 
Metallic lactates, 
amount that imparts taste to wa- 
LeGs : 
amount actually dissolved, 883 
Microscope, 4, 482 
pee count by means of, 520, 
52 
directions for use of, 481-487 
examining milk fat with, 489 
examining milk sugar with, 489 
illustration of, 482 
magnification table, 488 
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names of various parts, 482 
optical parts of the, 485 
standardization of the, 522 
cee in the dairy industry, 481, 


Miik, 
acidity of, 32, 617, 750, 787 
acid test On 614-618 
action of, on metals, 878 
alcohol test of, 619 
albumin in, 29, 582, 751 
analysis of, 95-119) 122-131, 575- 
609 
ash in, 29, 583 
bacteriological counts of, 505-530 
calculating adulterations of, 571 
calcium oxide in, 585, 657 
certified, score card for, 806-807 
chocolate, 93, 112, 444, 446, 579, 
652 
chlorine in, 605 
city regulations related to, 850- 


Citric acid: if}, 32 

coagulating point of, due to acid- 
ity and heat, 748-750 

color of, 10, 786 

color test for remade, 622-623 

colorimetric method for estimat- 
ing lactose in, 599-603 

composite samples of, 85-87, 166, 
233 

composition of, from different 
mammals, 910 

composition of, from 1,217 herds, 
3 


12-13, 
727- 


composition variations in, 
751, 774-775 

condensing, in vacuum pan, 
737 

constituents of, 10-34 

constituents, preparation of pure, 
681-685 

definition of, 10, 832 

ak of specific pathogens in, 
529 

determination of calcium in, 583, 
657 

determining citric acid in, 606 

determining lecithin in, 605 

determining phosphorus in, 586 

determining sugar in, 587-604 

distribution of constituents of, 


14-15 
drip sample of, 85 
fee inl, WL, WZ. ily 


fat globules in, 18 
fat, heat of combustion of, 286 
fat tests, 35-57, 108 


928 


flow sheet of, 871 

foods, composition of, 446 

freezing point of, 677-681 

fungi in, Ve 

gases in, 

grading, 523 527, 862 

heated, tests for, 622-623 

human, 910 : 

influence of lactation period on 
composition of, 751, 774 

inspection, 794- 805 

key to eee for standardiz- 
ing, 153-154 

metals dissolved in, 878-883 

metallic taste in, 879 

mineral constituents of, 29 

physical properties of, 10 

pounds in one gallon of, 318 

powder, 93, 113, 130, 440, 604, 83 

reductase test for bacteria in, 526 

sampling, 82-87 

seasonal variations affecting co- 
agulating point of, 775 

sediment test of, 618-619 

solids tests, 58, 122-131 

solubility of metals in. 880-883 

specific heat of, 673-677 

specific gravity of, 60, 561-572, 
588, 855 “ 

standardization of, 144-161 

state standards for, 846-848 

sugar, 15, 22-28 

testing, for adulteration, 571-573, 
624-627 

testing for acidity in, 614-618 

test for fat in, 35-57, 108-109 

test for solids in, 122-131 

tests for colors in, 628 

test for formaldehyde in, 624-625 

test for sodium bicarbonate in, 
626 

test for hypochlorites in, 626 

test for nitrates in, 627 

test for preservatives in, 622-628 

test for remade, 623 

tvpes of bacteria in, 490-503 

ae ar determination fon, Sys 


vitamines in, 30-31 
Milk chocolate, 


composition-of, 443-445 
estimating casein in, 579 
estimating milk fat in, 652 
fat test for, 112 

flow sheet for making, 876 
manufacture of, 444-447 
sampling, 93 

solids test for, 129 
standardization of, 446-447 
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Milk, evaporated, see evaporated 
milk, 
Milkers, regulations relating to, 855 
Milk fat, see fat (milk), 
Milk foods, 
composition of, 446 
from casein, 22 
proprietary, 22, 446 
Milkhouse, regulations for, 859 
Milk plants, regulations for, 861 
Milk powder, 
determining citric acid in, 607 
fat test of, 113 
flow sheet of, 875 
sampling of, 93 
score card, 831 
solids test of, 130 
solubility of, 604 
standardization of, 440-443 
temperatures to heat and _ hold, 
878 
test for sucrose in, 603 
water content of, 11 
titratable acidity in, 617 
Milk serum, 15 


Milk sugar, 
available heat for combustion of, 
286 
colorimetric method for deter- 
mining, 599 
crystaline condition of, 25, 26, 
CAs ik: 
crystallization in sweetened con- 
densed milk, 247 
decomposition of, 26 
determination of, 587-603 
form of crystallization of, 301 
flow sheet of, manufacture, 876 
factors influencing solubility of, 
302-309 
lactic acid from, 26 
set examination of, 


percentage of, in milk, 15, 22 
pS EU of, crystals, 
4 


preparation of pure, 685 
relation of sandiness in ice cream 
to, 301-309 

solubility of, 23-25, 301-309 
sweetening power of, 297 
ee method for determining, 
uses of, 27 

Milk tester, Mojonnier, 


description of, 66-70 
directions for fat tests on, 95-120 
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epnons for solids test on, 122- 
illustrations of, 64-66, 70-71 
operation of, 72-80 
wiring for, 74 

Milk utensils, 

to, 860 

ae constituents in milk, 29-30, 

8 


regulations relating 


composition of, 29, 30 
determination of, 583 
Mixers, ice cream batch, 

320-322 
Monjonnier, 
fatiests CO OMe a7, 
culture controller, 538-541 
evaporated milk controller, 
extraction flask, 95-98 
Ice Cream Packaging Machine, 
298, 300 
Ice Cream Overrun Tester, 468- 
478 


illustrated, 


747 


pipettes, 96-97 

solids test, 58-63, 122-131 

sweetened condensed milk equip- 
ment, 246-249 

tester, and illustrations of, 37, 
44, 64-73 

vacuum pan, 709, 715 

vacuum pan method for making 
ice cream mixes, 314-31 

viscosimeter, 284, 574 

Mojonnier fat test, 

accuracy of, 50, 57 

adding reagents in, 99-100 

causes of high and low results 
when making, 117 

directions for, 95-120. 

for buttermilk, skim-milk 
whey, 108 

for cheese, cocoa, butter, malted 
milk, milk chocolate, 112 

for condensed milk, 110 

for evaporated milk, 109 

for ice cream and cream, 111 

for milk, 108 

for milk powder, 113 

for unsweetened condensed milk, 
109 

precautions in making. 114 

reagents used in, 45-49 

table giving details of, 118-120 

Mojonnier Milk Tester, 

description of parts, 

dimensions of, 71 

directions for making fat tests 
on, 95-119 

directions for making solids tests 
on, 122-131 


and 


64-73 


A) 


illustrations of, a 66, 71 
operation of, 74. 
power unit of, oe 
wiring of, 74 
Monjonnier-Doolittle Viscosimeter, 
273, 574 
directions for operating, 574 
illustration of, 574 
Moisture test, 
for butter, 130, 629 
for cheese, 91, 129, 637, 639-640 
Munson and Walker’s sugar table, 
595 


Myristin, 15, 19 
N 


Nafis acid tester, illustrated, 614 
operation of, 616 
Nitrogen, oe 
apparatus for determining, 578 
determination of dairy products, 
577 


Nitrates, test for in milk, 627 
Nutritive ratios, of ice cream, 287- 
289 
Nutrose, 22 
O 
Oil, 
cocoanut, 
643 
corn, chemical constants of, 643 
cottonseed, chemical constants 
of, 643 
cottonseed, Halpen’s test for, 634 
for Mojonnier tester, 68, 72, 106 
olive, chemical constants for, 643 
peanut, chemical constants for, 
643 


consumption in steam production, 


chemical constants of, 


Olein, 15, 19 

Oleomargarine, tests for, 635-636 

Overrun in ice cream, 291, 304, 448- 
480 


blanks for recording, 479 

facts regarding, 448 

factors influencing proper, 
465 

how to retain, 465 

loss in, 465-467 

Mojonnier tester for measuring, 
468-480 ; 

phases in freezing that influence, 
449-452 

per cent by weight of, 453 

proper, 452 

standardizing the, 478 


452- 


930 


P 
Palmitin, 15, 19 
Pan, Vacuum, see Vacuum Pan, 


Pasteurization, 
state standards for, 845, 849 
of ice cream mixes, 303 


Pathogenic bacteria in milk, 493 
Peanut oil, chemical constants of, 
643 


Pepsin, in ice cream mix, 300 
Petroleum ether, 46, 50 
Phosphorus determination in milk, 


Picric acid, 
method for 
sugar, 599 
in test for gelatin in cream, 628 


Physical constants of the elements, 
888-891 


Physical properties of ice cream 
mixes, 283-311 


Physical properties of milk, 10, 11 


Pipettes, mre 
directions for weighing milk in, 


for measuring culture media, 517, 


determining milk 


Mojonnier, for measuring and 
weighing milk, 96-97 
Piping for vacuum pan, 715 
Plans for dairy laboratory, 7-9 
Plasmon, 22 
Plate (Petri) method for making 
bacteriological counts, 505-520 
Polenske number of fats, 651 
apparatus for determining, 651 
Powders, milk, 
acidity of, 617 
Fatetest Otello 
calcium oxide in, 585 
i ices cream, 3395343) 3542359) 
368-414 
sampling, 93 
solids tests for, 130 
solubility of, 604 
sucrose test in, 603 
standardizing of, 440-443 
score cards for, 831 
reece buttermilk, acidity of, 


Powdered skim-milk, 
acidity of, 617 
calcium oxide in, 585 
solubility of, 604 
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Power unit, for Mojonnier Tester, 
68, 72 
Preservatives, 
tests for, 622-628 
for composite samples, 86 
Properties, 
chemical, of milk, 12-34 : 
chemical, of ice cream mixes, 283- 
1 


physical, of milk, 10, 11 
physical of ice cream mixes, 283- 
3 


of the chemical elements, 888-891 
ef saturated steam, 896-897 
Proteins, 

albumin, 15, 28 

available heat of combustion of, 
286 

casein, 15, 20-22 

determination in dairy products, 
Se, 

globulin, 32 


Publow’s acid test, 615 
Pump, vacuum, for vacuum pans, 


Pure milk constituents, preparation 
of, 685 


Pycnometer cup, 244 


Q 


Quevenne lactometer, 
estimating milk solids with, 57- 
59, 564-570 
illustrated, 565, 567 
scale compared with others, 567 


R 
Rancidity, Kreis test for, in fat, 
636-637 
Reagents, 


oe ies Tester, 45-50, 99, 


laboratory, 1-9 

making up standard, 609-613 
purity of, for fat test, 46, 108 
purity of, for Kreis test, 637 


Reductase test, for bacteria in milk, 


operating the, 527 

grading milk by, 527 
Refractometer, Abbe-Zeiss, 644 
Regulations, see standards, 
Rennet, in ice cream, 300 
Rheostats for Mojonnier Tester, 68 
Report blanks for, 

evaporated milk, 171 
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cost of ice cream mixes, 319 
laboratory, 107 

overrun readings, 479 
sweetened condensed milk, 236 


Rose-Gottlieb fat tests, 35-44, 51-61 


s 


Salicylic acid, test for, 627 

Salt, 
analysis of, 658-660 
Hunziker’s test for, in butter, 631 
Troy’s test for, in butter, 630 
Troy’s test for, in cheese, 640 

Samplers for milk, 83 

Samples, composite, 85-88, 164 

Sampling, 
accessories for, 
butter, 90 
buttermilk, 91 
cheese, 91 
cocoa, 94 
dairy products, 82-93 
cream, 85 
evaporated milk, 89 
ice cream, 89 
milk, 84-85, 88, 164 
milk powder, malted 

milk chocolate, 93 

sweetened condensed milk, 89 
whey, 92 

Sandiness, in ice cream, 
causes and prevention of, 300-312 
conclusions on causes of, 308-312 
influence of milk sugar crystals 

on, 301-304 

influence of overrun on, 304 
influence of composition, 304 
influence of various factors on, 


82-84 


milk and 


influence of milk sugar solubility 
on, 305-306 
relation of milk sugar to, 300-309 


Sanatogen, 22 
Saponification number of fats, 649 


Score cards, 
advantages of, 806 
definition of, 795 
development of, 794 
for butter, 812 
for buttermilk, 815 
for cheese, 816-820 
for cream, 810 
for culture, 814 
for evaporated milk, 825 
for ice cream, 820-823 
for milk, 799-800, 807-808 
for milk powder, 831 


ool 


for skim-milk, 809 

for stores handling milk, 805 

for condensed milk, 823 

pe ccleucd cond. milk, 826- 


for use of veterinarian, 802 
Scoville milk sampler, 83 
Sediment test, 
for milk and cream, 618-619 
illustrated, 619 
operation of, 619 
Wisconsin (Lorenz), 619 
Wizard, 618 
Serum solids method for standard- 
izing ice cream mix, 432 

Shakers, for evaporated milk, 779, 
780 

Shaking, function of, for evaporated 
milk, 779 

Sherbert, for use, with Mojonnier 
Packaging Machine, 298 

Silver nitrate, tenth-normal 
tion, 

Skim-milk, 

calcium oxide in evaporated, 585 

calcium oxide in powdered, 585 

fat test for, 11, 16, 108 

pounds in one gallon of, 318 

sampling, 88 

score card for, 809 

solids test for, 126 

specific heat of, 673-677 
Sodium bicarbonate, 

solution for use in evaporated 

milk, 762, 769, 771-772 

failure to react with, 771 
Solids, 

defects in ice cream due to, 300 

determination by formula, 58-59, 


solu- 


determination by Mojonnier 
method, 122-131 

function of, in ice cream, 292 

in milk, 11-13 

in cream, 128, 136-141 

in dairy products, 11, 122-131 

tests for, in dairy products, 57-62, 
122-131 

variations in milk, 13, 15 

Solids not fat, 

determination of, by formula, 58- 
59, 569 

defects in ice cream due to, 300 

composition ratios for ice cream, 


in milk, 11 
specific gravity of, 16 
standards for, 846-848, 852 
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tests for, 57-62, 122-131, 567-569 
variations in, 13, 15 
Solubility of metals in milk, 878- 
885 


Solubility of milk sugar, 
factors influencing, 302-309 
influence of size of crystals on, 
23, 25, 301-309 
Solubility of carbon dioxide, 792 


Solutions, standard, 
methods of preparing, 609-613 
tenth-normal hydrochloric acid, 
610-612 
tenth-normal sodium hydroxide, 
612 


tenth-normal silver nitrate, 613 
Specific gravity, 

bottle, 562 

calculation in evaporated, 175-181 

chainomatic balance, 561 

conversion to Twaddell, 887 

conversion to Baume, 892-896 

definition of, 562 

determination of, 561-566 

determinations of milk solids by 
fat test and, 57-59, 567-569 

determination of in dairy prod- 
ucts, 561-570 

hydrometers for determining, il- 
lustrated, 565-567 

of alcohol solutions, 906-908 

of ammonia, 45 

of milk fat, 19 

of evaporated milk, 174-182 

of ice cream, 286, 288, 316 

of ice cream mix, 236, 243, 285, 
288 


of milk, 60, 561-572, 598 

of condensed milk, 439-443 

of condensed skim-milk, 442 

of condensed buttermilk, 443 

of evaporated milk, 174-182 

relation of, to composition and 
temperature of unsweetened 
condensed products, 439-443 

peguieons relating to, of milk, 
8 


Specific heat, 

apparatus for determining, illus- 
trated, 672 

definition of, 286, 670 

method for determining, 670-672 

of various dairy products, 674 

of dairy products, temperatures 
and composition varying, 675 


Specific pathogenic bacteria in milk, 
493 


Sprengle tube for determining spe- 


cific gravity, 563 


Spoilage, 
causes of, in evaporated milk, 
782 
detection of, in evaporated milk, 

782 


Standards, 

City, 850-870 

Federal, for dairy products, 846 

State, 844-849 

State, milk bacteria content, 844, 
849 

State, on pasteurization, 845 

U. S.-Dept. of Agriculture, 832- 
844 


Standardization, 
definition of, 132 
obtaining weights for, 134 
order of operations in, 142, 143 
use of tables for, 134, 378 
successive steps in, 133 


Standardization of milk and cream, 
by Pearson’s method, 144-147 
by Cross’ method, 148-151 
by Erf’s method, 152 
problems for, 153-163 


Standardization of evaporated milk, 
order of operations, 168-171 
problems for, 203-230 
tables for, 184-201 


Standardization of ice cream mix, 
arithmetical method for, 313-437 
definition of, 313 
graphic method of, 418 
methods by Cross for, 148-151 
method by Cutler for, 432 
methods of compounding for, 

314-317 
problems in, 325-437 : 
serum solids method for, 432 
steps in, 313 
tables for using butter and milk 
powder in, 368-414 
Standardization of misceilaneous 
dairy products, 438-447 


Standardizing unsweetened  con- 
densed milk, 438-440 
Standardization of sweetened cond. 
milk, 231-282 
problems in, 252-273 
steps in, 232-243 
Standardization problems, 
problems 1-6, for cream and 
whole milk, 145-163 
problems 7-17, for evaporated 
milk, 203-230 
problems 18-24, for sweetened 
condensed milk, 260-281 
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problems 26-36, for ice cream 
mixes, 325-360 

proof of accuracy of standardiz- 
ing tables, 378 

serum solids method, 432 


Standard solutions, 
of acids, 609-612 
of alkalies, 609-612 
of silver nitrate, 613 
methods of making, 609 


Starch, 
in ice cream mixes, 297 
State standards for dairy products, 
844-849 
Steam, 
available heat units in at various 
pressures, 730 
condensed in hot wells, 722 
distribution in sterilizer, 760 
relation of, to fuel consumption, 
725-726 
required to condense milk in 
vacuum pan, 720 
required to forewarm and con- 
dense, 723-724 
saturated, properties of, 896-897 
temperatures of, in evaporated 
milk sterilizer, 764 
temperature of, in the vacuum 
pan, 720 


Stearin, 15, 19 


Sterilization, 
of culture media, 542 
of evaporated milk, 741-793 
of media for bacteria counts, 509 
Sterilizers, 
for use with Mojonnier Culture 
Controller, 541 
for sterilizing evaporated milk, 
742-745 


steam distribution in, 760 


Store peneupe milk, score card for, 
80 
Striking the batch, 
of evaporated milk, 173-183, 732 
ree cond. milk, 236-244, 
38 : 


Sucrate of lime, 
tests for, in milk and cream, 656 


Sucrose, (cane sugar), (beet sugar), 
available heat of combustion of, 
286 
crystals, 26-27, 312 
determination of, 587-603 
determination of, in sweetened 
condensed milk, 591-598 


functions of, in ice cream, 296 
ice cream defects due to, 309 
ree and Walker’s table for, 
percentage of, in sweetened con- 
densed milk, 243 
polariscope for estimating, illus- 
trated, 596 
standards for, 838 
sweetening power of, 296, 297 
test for, in milk and cream, 657 
test for in milk powder, 603 
Sugars, see sucrose, see milk sugar, 
Sugar crystals, 26-27, 247 
Superheating milk, in the vacuum 
pan, 732-734 
Sweetened condensed milk, 
acidity of, 617 
capacity and size of standard 
equipment for making, 245 
composite samples of, 233 
composition and specific gravity 
of, 240 
condensing, in the vacuum pan, 
738 
constants for, 232 
definition of, 833 
determination of citric acid in, 
607 ; 
determination of sucrose in 
596-598 
factor of safety in standardizing, 
260 
Federal standard for, 833, 846 
forewarming, 738 
finishing the batch, 739 
in ice cream mix, 361-368 
key to formulas for standardiz- 
ing, 259 
methods of testing, 232-233 
obtaining weights of, 236 
operating vacuum pan when mak- 
ing, 738 
order of operations in standard- 
izing, 234 
pounds in one gallon of, 318 
pycnometer cup, for, 244 
problems in standardizing , 260- 
282 
relations of specific gravity in, 
236-243 
sampling, 89 
score card for, 826-830 
standardization of, 231-282 
striking the batch, 738 
solids test for, 127 
test for fat in, 110 
temperature to heat and hold, 878 


Swiss cheese, score card, 818-819 
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Ah 


Tables, see list on page XXIII 
Tanks, 


capacity of cylindrical, 909 
evaporated milk holding, 182-183 
ice cream holding, 320-322 
ice cream batch mixing, 320-322 


Temperature, 


for holding, manufacturing and 
storing dairy products, 877-878 

freezing, of ice cream mix, 286- 
289 

freezing, of milk, 677-681 

influence of, on solubility of 
metals in milk, 880 

influence on weight in analytical 
weighing, 79 

of laboratory, 2 

of brine for freezing ice cream, 
462-463 

.of hot plates on Mojonnier Milk 
Tester, 80 

of ice cream mix, 463 

of ice cream, 463 

of ice cream hardening room, 
465 

of ice cream holding room, 877 

of incubation, 519, 527 

of sterilizing culture media, 509, 
542-543 

table, converting Centigrade to 
Fahrenheit and vice versa, 905 

Tenth-normal solutions, 609-613 

Test, 

acid, of milk and cream, 614-618 

adhesive, for strength of casein 
glue, 581-582 

alcohol, of milk, 619 

Heart casein, 576 

Kreis, for rancidity of fats, 637 

lactometer, 56, 564 

Nafis acid, 614 

Publow acid, 615 

Reductase, for bacteria in milk, 
526 

sediment, 618-619 

Walker casein, 576 


Test for, 


fat in milk, Babcock, 52, 57 

fat in milk, Biemling, 42 

casein, ash and chlorine in butter, 
629 

chloramines in milk, 626 

color of evaporated milk, 766 

cottonseed oil in butter. 634 

fat in milk, 38, 43, 45-63. 95-120 

fat in milk chocolate, 2 soo2 

foreign colors, 628 
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foreign fats in butter, 629-652 

formaldehyde in milk and cream, 
624, 625 

free fatty acid in butter, 634 

gelatin, in milk and cream, 327 

heated milk, 622 

hypochlorites in milk, 626 

jelly strength of gelatin, 666-668 

Mojonnier, fat, 44-50 

moisture in butter, 130, 629 

moisture in cheese, 129, 637, 639 

nitrates in milk, 627 

preservatives in milk, 622-628 

remade milk, 623 

salt in butter, 630-634 

salt in cheese, 640 

solubility of milk powder, 604 

sodium bicarbonate in milk, 626 

specific gravity of milk, 60, 561- 
572 


sucrate of lime in cream, 656 
sucrose in milk powder, 603 
thickeners in dairy products, 653 
triacetin in butter fat, 652 
viscosity of gelatin, 293 
viscosity of dairy products, 573- 
574 : 
Thickeners, detection of, 653-659 
Tila, 22 
Tintonieter, Lovibond, 665 
Titratable acidity in dairy products, 
617, 787 
Titration method for determining 
milk sugar, 603 
Total solids, 
by formula in milk, 58-59, 569 
causes of errors in tests for, 131 
composition ratios for, 284 
tests for buttermilk, 126 
test for evaporated milk, 126 
test for ice cream, cream cheese 
and butter, 128-130 
test for milk chocolate, malted 
milk and cocoa, 129 
test for sweetened condensed 
raguilsey IU 
test for whole milk powder, 130 
test for skim-milk powder, 130 
test for buttermilk powder, 130 
in milk, 13, 15 
tests for, 57=62) 122-131, 569 
weighing, in tests for, 122-123 
Trier, for sampling butter and 
cheese, 83 


 U 
Units, 
ae Thermal Heat, 286, 670- 
671 
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Specific Heat, 286, 670, 706 


Unsweetened condensed milk, 


action of on tin and iron, 884 

definition of, 833 

fat tests for, 109 : 

flow sheet of, manufacture, 873 

pounds in one gallon of, 318 

processing score card for, 823 

solids test for, 126 

specific gravity of, 441-443 

standardization of, 438 

temperatures to heat and 
878 


ho-d, 


Vv 


Vacuum, 


influence of, on water evapora- 
tion, 707-708 

in vacuum pan, 707 

pump, 713 


Vacuum pan, 


air leaks in, 735 

cleaning, 736-737 

coils of, 710 

condensing buttermilk in, 740 

condensing ice cream mix in, 314- 
Sul 

condensing malted milk in, 740 

condensing whey in, 740 

condensing whole and skim-milk 
in, 738-739 

condition of heating surfaces, 734 

description of, 708-710 

dome of, 710 

economic advantage of, 706 

entrainment losses in, 737 

history of, 706 

how to strike the batch in, 173- 
183, 236-244, 732, 738 

how superheat the batch in, 732- 
734 

illustration and names of parts 
Cin CAUSE Hale 

increased water required by de- 
creased vapor temperatures in, 
719 

jacket of, 710 

location of control devices on, 716 

method, Mojonnier, for making 
ice cream mixes, 314-316 

operation of, 727-740 

precautions in operating the, 734- 
ASU 

pumps for use with, 713 

purpose and use of, 706 

rate of evaporation in, 707-708 

teiation of condenser water re- 
quired to water evaporated, 716 

relation of fuel consumption to 
steam production in operating 
the, 725 


O39 


sizes and capacities of, 711-712 

sizes of piping for, 714 

sizes of vacuum pumps for, 714 

steam required to condense milk 
in, 724 

striking devices for, 180 

striking the batch in, 
236-244, 732, 738 

waist of, 710 

water, steam and fuel required to 
operate, 725 


174-182, 


Vacuum oven, 


description of, on Mojonnier 
Tester, 67 
operation of, on Mojonnier 
Tester, 105 


temperature of, for fat test, 104 
temperature of, for solids test, 
124 
vacuum in, for fat and solids test, 
112, 124-125 
valves controlling, 105 
Vacuum pump, for 
Tester, 72 
care of, 72 
filling, with oil, 106 
Vacuum pump, wet, 713-714 
sizes of, 714 
Valenta index of fat, 635 
Vanilla, 
analysis of, 661-665 
extract, 661 
resins in, 664 
Vanilla extract, 
analysis of, 661-665 
total solids, 661 
alcohol in, determination of, 662 
lead number of, 663 
coumarin in, 662 
Vanillin, 
detection in vanilla, 662 
Vega’s test for foreign fats in but- 
ter, 635 
Vegetable gums, 
detection in dairy products, 653- 
659 
Ventilation, for laboratory, 2 
Veterinarian’s score card, 802 


Viscogen, 656 


Mojonnier 


Viscosimeter, Mojonnier-Doolittle, 
284, 574 
directions for operating, 574 
Viscosity, 


determination of, in dairy prod- 
WGtS) /o-a70 

of evaporated milk during manu- 
facture, 777-782 
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of ice cream mixes, 284, 288, 457 

relation of gelatin to, in ice cream 
mixes, 293, 458 

tests of gelatin for, 293 

variations in, of evaporated miik, 


778 
Ww 


Water, 


amount of metal required to im- 
part taste to, 879 

circulating unit, 72 

defects in ice cream due to, 310- 
Bil 


determination of, in butter, 629 

determination in cheese, 637, 639 

filling Mojonnier Tester tank 
with, 106 

in dairy products, 11 

im mill, 11, 12, 16 

in Mojonnier test, 45, 46 

pounds evaporated per hour in 
vacuum pans, 708 

pounds in one gallon of, 318 

required by vacuum pan, 716-720 

supply regulations for, 855 


Water circulating unit, 
for Mojonnier Tester, 72 


Waterhouse test for foreign fats in 
butter, 636 

Weighing, 

chainomatic balance for, 69, 76-78 
cross, 96 

directions for, 75-80, 96-98 
evaporated milk, 172 

extraction flasks, 98 

fat dishes, 104 
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influence of temperature in an- 
alytical,.75, 79 

pipettes, 96-97 

samples for fat tests, 96 

samples for solids tests, 123 

Weights, 

care of, 76 

directions for recording, 78, 107 

for chemical balance, 76-77 

metric, 78, 898-904 

obtaining, of evaporated milk, 172 

of ice cream mix, 285, 288, 318 

of dairy products for standardiz- 
ing ice cream mix, 318 

of gallon of different dairy prod- 
ucts, 318 

table for conversion of, 898-904 


Westphal balance, for determining 
specific gravity, 60, 563-564 
Whey, 
acidity of, 617 
condensing, in vacuum pan, 740 
fat test for, 108 
sampling, 92 
specific heat of, 673 
total solids test for, 126 
Wisconsin sediment tester, 619 


Wizard sediment tester, 619 


x 
Xyol, 7 


Yorgut, 27 
’ Z 


Zeiss Butyro Refractemeter, 644 
Zinc dust, 7 
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